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ABSTRACT 


Because archaeological research is costly and time 
consuming a number of methods have been adopted to 
reconmonst res tae seittiel Ipini om ito udses) excamiidaticom tteh rows h 
excavation. This thesis examines one such method of 
reconnaissance, magnetometry. Using a proton magnetometer, 
theer tele nt thi sitiomiics tainds ep rehiisitiointassites aim Newubnehand, athe 
Canadian Prairies, Yukon Territory and the western Canadian 
Arctic were magnetically assayed and the data interpreted 
in relation to their archa¢ological sources. The primary 
goals of the research were to evaluate the the technique’s 
applica bi lity tio va mivou's me thods "of ‘archaeo!l ogi'cal 
research, and determine the most useful means of employing 
magnetic survey on various types of archaeological sites. 

Because most archaeologists have limited opportunity 
to become proficient in interpreting magnetic data using 
sophisticated analysis techniques, the study concentrated 
on the employment of simple interpretive methods which were 
amenable to the identification of anomalies which are most 
frequently encountered when assaying archaeological sites. 
The elementary anomaly models were used to interpret the 
Focations of archaeological features such as pits, fire 
hearths, pottery concent rations and scattered metal. To 
aid in data analysis, several methods of automated data 


manipulation were investigated, including the utilization 
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of computer programs to analyze and plot data for immediate 
interpretation. This work culminated in the development of 
a series of microcomputer-based statistical, filtering and 
plotting programs which enabled rapid analysis of magnetic 
data as they were acquired in the field. 

Six case studies were used to illustrate the wide 
range of archaeological questions that can be addressed 
using simple magnetic survey techniques. In the process, a 
few of the limitations of magnetometry are illustrated and 
some procedures are described whereby these limitations can 
be minimized. The study culminates by evaluating the cost 
effectiveness of magnetometry in comparison to traditional 
site assessment techniques. The conclusion is that if 
magnetic survey is used in conjunction with conventional 
techniques of site investigation, a very powerful 
assessment methodology can be developed which can be 
effectively applied to a large number of historic and 


prehistoric archaeological sites in North America. 
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INTRODUCTION 


Archaeological research is costly and time consuming. 
As a result considerable thought and effort has been 
invested in designing and testing more efficient methods of 
recovering data from archaeological deposits. Because of 
the costs in time and labour, site excavation has stressed 
sampling rather than complete excavation. 

When deciding an excavation sampling strategy, several 
different procedures can be implemented. The intuitive 
approach, probably the most common "sampling" method, 
involves concentrating excavation on site topography 
similar in pattern to that discovered at previously 
investigated sites. Another method is to establish several 
randomly arranged test excavations over a site and then 
concentrate most effort in those areas in which the tests 
have demostrated artifact or feature productivity. A still 
more sophisticated form of sampling relies upon statistical 
theory to obtain an unbiased site sampling strategy (eg. 
Mueller 197.5) 

Excavation on historic sites usually begins in the 
vicinity of sub-surface indicators (eg. anomalous 
topography or differential vegetation growth) which suggest 
the presence of buried features. If these indicators are 


not apparent, systematic trenching and test pitting may 
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succeed in intersecting important remains which can then be 
excavated more thoroughly. 

Each of these excavation procedures will result in 
some non-productive excavation, because test digging will 
enevitably be carried out in sterile areas. For this 
reason alternative methods employing "prospecting" 
techniques have been developed. Prospecting techniques 
enable the archaeologist to identify areas within a site 
which may contain archaeological remains. Important 
hdisitionic; sand, pirehistoric, featuires; such: sais shearthsi,. pits), 
walls and floors, and even artifact clusters have been 
located in this way without having to undertake major test 
excavation programs. Although few archaeologists regularly 
employ prospecting techniques they can significantly reduce 
tihiepstia ¢c.t.0-r -ofs jelvamec & sim (hin didn archaeological feaitwmres, and 
therefore reduce costs of time and labour. 

Most conventional prospecting techniques used in 
archaeological studies have been adopted from the 
geophysical sciences. They commonly operate by sensing 
differences between the physical properties of 
archaeological features and the soil or debris that 
surrounds them. For archaeological purposes it is 
necessary to employ techniques which are economical and 
efficient under adverse field conditions. This requirement 
limits the types of geophysical techniques which can be 


realistically employed in archaeological field research. 
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The most common techniques used in intra-site 
archaeological prospecting are electrical resistivity and 
magnetometry. Applications of resistivity exploration in 
historic and prehistoric site assessments have often met 
whthusuccesse (GLI nington eh? 109 iGagcrflho/7 h)snehoweverns othe 
resistivity technique is slower and more labour-intensive 
than magnetometry, and the results can be affected by 
ekimaticucondi tions oGhessuh96720C lark 4197-52 0300-304), ¢0n 
the other hand, magnetometry is relatively rapid and labour 
efficient, and is not hampered by normal meteorological 
conditions. 

Magnetic surveying involves obtaining precise 
measurements of the earth’s magnetic field at specific 
points above ground surface. Practical magnetometry was 
hirstysuccessftubly papplieda«tosarchacoLogical:itesting in 
England tn yl9seenGAitkenvet-al. dl 958) ewhth the advent ofjea 
portable instrument sufficiently sensitive to be used to 
detect the relatively small magnetic effects of 
archaeoLlogicalifeaturess{ (During bhihe first half of the 
1960’s archaeological magnetic prospecting was actively 
carried out in England and mainland Europe and to a lesser 
degree in North America. Pioneering studies were first 
implemented on sites bearing structural remains such as 
stone floors and pottery kilns, since these features were 
very easy to detect with equipment available at the time 
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instruments used were proton-precession magnetometers 
specifically designed for use on archaeological sites 
(Aitken 1959b). 

Unfortunately early technical successes which 
stimulated the initial enthusiasm for magnetic prospecting 
were tempered as limitations became apparent. Because the 
equipment available at that time was bulky it could not be 
used in areas of heavy tree growth and irregular ground 
surface CATEkKen s19S9aH 834). Frequently, buried features 
such as walls and foundations could not be detected, 
particularly if they were either partially destroyed or 
overlying one another (ibid.). Also, instruments were 
prone to misleading readings caused by subsurface geology 
and severe magnetic disturbances induced by surface or 
nearby metal, and electrical power lines (Aitken 
1961:83,84). These drawbacks discouraged the use of the 
technique since it became apparent that technical 
limitations allowed only the largest cultural anomalies to 
be “discerned "with *rélfapiiTreyttibprdy 84). 

These initial results, while discouraging, did not 
prevent some archaeologists from continuing to experiment 
with magnetic surveying. Although sub-surface mapping was 
not a realistic goal, researchers could see the advantage 
in locating major concealed features prior to excavation. 
This persistence was eventually rewarded, especially with 


the introduction of more sensitive and portable proton 
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magnetometers. Improvements in instrumentation stimulated 
the development of analytical procedures for interpreting 
magnetic data from archaeological sites. Most research 
embodied the development of practical techniques for 
obtaining magnetic data economically (Scollar 1970; 
bimimneg tonm! 970; eCiark and Haddon-Reece bQ/ilixcGlark 1975; 
Parrington 1979), as well as formulating procedures to 
internre’t tehempswecessfiubhbyseScollary1 966 ¢ 01969 ~eh970, 
1972). However, because these improved field and 
laboratory techniques required the utilization of 
sophisticated equipment and computer software, only those 
archaeological projects which were oriented towards 
long-term research on selected sites and/or possessed 
uncommonly lavish budgets were able to carry on practical 
magnetic surveys. 

At present, when most archaeologists consider the 
imelishon of prospection as part of their on site 
investigation procedure, they find that the available 
literature is scattered through many journals and 
publieatons4with Limited circulation. Most of what is 
available presents magnetic prospecting in a positive 
light, but spends little time explaining how the technique 
directly benefits archaeological interpretation or how it 
could be applied beyond the particular site which was 
investigated. Many reports dwell heavily upon the 


innovative use of a particular type of magnetometer, or the 
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sophisticated interpretation techniques used in assessing 
magnetic data. Other papers simply report the results of a 
survey, often without describing the purpose of the 
project, what kinds of features or objects were to be 
investigated, and the direct benefit the archaeologist 
gained from the effort expended. These reports 
consistently show that there is a conceptual gap between 
successfully employing magnetic surveying to locate 
archaeological features, and using the information to more 
effectively carry out archaeological research. 

To make this link an archaeologist must know what the 
technique of magnetometry will and will not do in detecting 
archaeological features and objects. As well, he or she 
must know what purpose information furnished by the 
technique will serve in an archaeological reseach design. 
These two requirements give rise to the following 


questions: 


I) what Zetthetapplicability of the rte@chnique«on a 
particular site? 

2) how much of what resources must be marshalled to 
carry thé ?work out? 

3) how much time will it take to produce interpreted 


results? 


In most cases archaeologists will reflect upon these 
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questions and conclude: 


1) I don’t have time to learn how to do magnetic 
Survey ineomand Loddon tb want to “tiddle” with it when I only 
have a short time at the site 

2) seven Lf I tdid “have ithe tiimeivand the desire to do 
fee wouldn tebe. able to afford the equipment Or cost of 
hateinesaconsultanrt to doit forme 

3) even if the technique worked, I wouldn’t know what 


to do with the information anyway 


It was with these typical responses in mind that the 
present research was initiated. Thirteen historic and 
prehistoric archaeological localities were investigated; 
seven in Western Canada, three in New England, two in the 
Yaron Leirritory., “and /onevon the -Hich Aretic 4ilslands “of the 
North West Territories. These investigations spanned 
environments ranging from prairie through boreal forest to 
tundra, andi from katitudes 45 to-75 degrees north. The 
widespread differences in both the topographic and magnetic 
environments that were experienced during the fieldwork 
were accompanied by equally diverse archaeological problems 
which were formulated in a manner in which magnetic 
surveying could provide at least some help in finding a 
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CHAPTER: Lt 
MAGNETIC SURVEY THEORY 
AND 


ARCHAEOLOGICAL FIELD PRACTICE 


The Proton Magnetometer 


The most commonly used instrument for measuring 
archaeologically related magnetic intensity is the proton 
magnetometer. Breiner 1973:3 and Aitken 1974:241-262 give 
summaries of the operating principles involved. The basic 
phenomenon is the precession of protons in water or 
hydrocarbon molecules. 

Modern proton magnetometers are deceptively 
simple-looking instruments. A typical version consists of 
a metal console about the size and weight of a large 
textbook. A plastic “container holding about a iitre of 
sensing liquid is attached to this console by a metre long 
flexed cabwe.- “lhe Jiquid-filied containeris the sensor, 
the point to which all magnetic measurements refer. The 
console contains the circuitry which energizes the sensor 
and determines the magnetic field intensity around it (a 
process which takes 2-3 seconds), presenting the field 
strength as a five digit number on an L.E.D. display on the 
top of the console. The number represents the absolute 
total field intensity in “gammas at the*point where the 


sensor was energized, with an accuracy of plus or minus one 
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The Earth’s Magnetic Field 


In North America, the geographic field is about 0.6 
gauss, or 60,000 gammas, directed downwards at an angle of 
about 60 degrees. Although magnetic intensity varies with 
Locations, practical terms this spatial variation is not 
significant, even at the level of a single gamma, unless 
distances on the order of kilometres are involved between 
measurements. However, the field intensity fluctuates 
Sieniei cart y with time. This. fluctuation, called diurnal 
variation, must be closely monitored if precise 
measurements are required. Typically, the field intensity 
reaches a maximum near mid day with a gradual decrease and 
leveling off in intensity as evening approaches. Over a 
period of several hours changes of several tens of gammas 
may occur. Occasionally, magnetic intensity may fluctuate 
unpredictably by amounts in excess of 200 gammas (figure 
ee Lics These sudden and erratic variations are called 
magnetic storms. During such times, it is virtually 


impossible to carry out meaningful survey work. 
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The Magnetization of Archaeological Features 


Many objects which are encompassed and permeated by 
the geomagnetic field generate secondary magnetic fields of 
their own. These fields are the product of two different 
kinds of magnetism: remanence and induction. Remanent 
(permanent) magnetism is the inherent magnetization of an 
object, regardless of the magnetic field surrounding it. 

It is dependent upon composition and the thermal, 
mechanical and magnetic history of a particular specimen 
epreine © LOVEE’ 3s. OSs AL tken=1 97 42" 741914 2e"st.rangway* 1970: 
8-15). Permanent magnetization of an archaeological object 
is usually acquired by raising its temperature beyond a 
Certain= point snd*subsequcnt* cooling: *this*is*calied 
thermo-remanent magnetization (TRM). 

The other type of magnetism is called induced 
magnetization. Unlike TRM, induced magnetization is 
directly dependent upon, and proportional to, the ambient 
field permeating an object, to produce a secondary magnetic 
rilelde (BreinerT2197B2"89,tY The 1ntensteycot echetsecbnda ry 
magnetic field is dependent upon the intensity of the 
EATEN*s"field@and*+thnetabtlity*of* the*® object" to* become 
magnetized, called magnetic susceptibility. If the ambient 
magnetic field is reduced to zero, the induced 
magnetization, unlike TRM, would decrease to zero. 


Most archaeological features are detectable by induced 
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magnetization, simply because they are composed of a more 
sucsceptible magnetic material than the surrounding medium 
(Scollar 1965: 32). Induced magnetization is present in 
all objects which contain iron compounds. Objects composed 
of other substances such as copper or aluminum which lack 
trace amounts of iron do not produce any magnetic field. 
Iron compounds contained in soil can also give rise to 
magnetic effects. The susceptibility of soils containing 
1POn OX LAes-wascmrarst Investigated by Le Borgne (1955, 
1960) who determined that the surface of such soils were 
much more magnetically susceptible than their parent 
sub-soils. He demonstrated that the low susceptibility of 
the parent material could be dramatically increased by 
initiating chemical reactions involving the iron oxides. 
The process involves chemical reduction of naturally 
occurring hematite to strongly ferrimagnetic maghaemite 
(Tite and Mullins 1971). Thus the degree of magnetic 
susceptibility of soil features on archaeological sites is 
dependent upon the amount of reducible iron oxides present 
1p ethea Sol. , the intensity, of the chemical reaction which 
reduced them and, in some cases, the length of time the 
reactions were allowed to. occur (Tite and Mullins 1971: 
213)... Normally the: intensity of the reaction or the length 
of time (or number of times) the reaction occurred are 
indeterminable prior to magnetic surveys of archaeological 


sites. However, the chemical constituents of a particular 
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site can be determined prior to a survey and used to 
determine if suitable quantities of iron oxides are present 
on the site and would have been affected by intentional 


burning or habitation. 


Dipole and Monopole Magnetic Anomalies 


Localized magnetic anomalies are often the direct 
result of a number of different induced and remanent 
magnetizations acting in conjunction to produce a net 
distortion of Earth’s field. However, because anomalies 
caused by induced magnetization are by far the most common 
found on archaeological sites, only these types will be 
addressed. For purposes of interpretation two basic models 
of anomaly configuration suffice. These are the dipole and 
the monopole. 

The majority of the field research for this thesis was 
undertaken in areas where the magnetic field vector dips 
below the horizontal at angles between 60 and 70 degrees, 
and consequently the anomaly configurations for both 
dipoles and monopoles change very little with geographic 
location. However, at very high latitudes, where the field 
is almost vertical, or near the equator were the field is 
horizontal, siensiiicant chanees in) pathy Conti teurations will 
occur. Such variations must be acknowledged prior to 


interpretation of magnetic data. 
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Dipole 


The most common magnetic configuration of an anomaly 
Perdtoolar (see Cipure "77, 2a). lhe intensity of the fietd 
is twice as large off its ends as it is at the same 
distance off the side. The intensity of a dipole field 
decreases inversely as the cube of the distance. Thus, a 
magnetic anomaly intensity of 8 at a distance 1 metre from 
an object would be reduced to only 1 at 2 metres from the 
object. For a monopole the the field decreases inversely 
as the square of the distance. 


Figure 2.2a illustrates a cross sectional view of a 
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magnetic dipole. As an example, a sequence of readings are 


shown with the magnetic sensor 25 cm and 50 cm above the 
ground surface. Figure 2.2b illustrates the resulting 

total field intensity measured by the magnetometer as the 
instrument moves through the anomalous area. The proton 


magnetometer always measures the total magnetic field, and 


this explains the profites in figure 2.2b.//Hor-example, at 


i275 Mosouth, the Barth-s,/magmetic field~(which; in this 
case is inclined at roughly 60 degrees below the 
horizontal) nearly parallels the magnetic field direction 
of the induced anomaly. The two fields are cumulative and 
produce a maximum as shown in the graph. At position 0.75 


m south, the anomaly field direction is almost the reverse 
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of the ambient field. The total field is lessened in 
Ppoeensi ty.) althnowen Lar Less than it was: increased ‘at 24.75 
m south, because of the former location’s greater distance 
from the source. 

Profile/graphs such as 2.2b clearly displaytmagnetic 
field changes in a single dimension, but when data are 
obtained from a two dimensional grid it is preferable to 
use contour maps to display magnetic field intensity as in 


figures. 2.2Ze,and 2.2d. 


Monopole 


Although magnetic monopoles appear not to exist in 
nature, if an elongated object standing vertically in the 
ground is assessed by a magnetometer, the resulting anomaly 
will resemble that of a monopole. In fieure 2.34, mapmetic 
lines of force are shown directed into the object from all 
directions. At the opposite end of the object the field 
lines would be directed out, but since the lower end is 
taken to be very deep this effect is negligible. The 
ambient and anomaly fields, when combined, produce a fairly 
synmet-rieaL—profile-.curve (fiswre -2.3b); "and contour plot 
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Gradient Measurements 


Additional data can be obtained from the original 
upper and lower sensor readings by calculating their 
difference. Such data are often informally refered to as 
gradient measurements. Gradient measurements of this kind 
are independent of temporal magnetic fluctuation of more 
than several seconds duration. They also provide a means 
of removing anomalous magnetic field readings caused by 
deeper sub-surface features usually attributed to geology. 
This characteristic can be exploited to suppress broad 
scale horizontal magnetic trends and thereby emphasize weak 
anomalous magnetic fields which are often of most interest 
to archaeologists. 

One problem in using gradient data obtained using a 
single sensor magnetometer is the resulting increase in 
machine error. This uncertainty is in the worst possible 
case doubled, for the experimental uncertainty of the upper 
reading (usually one gamma) must be added to that of the 


lower reading. 


Magnetic Surveying of Archaeological Sites 


Generally speaking, there is little procedural 


difference between using a proton magnetometer to locate 


geological formations and to locate archaeological features 
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and objects. The primary difference is one of scale; the 
archaeologist usually requires magnetic measurements at 
relatively close spacing (one metre or less) and with great 
accuracy, since most archaeological features and objects do 
not produce very extensive or intense magnetic anomalies. 
Accurate recovery of data is complicated by temporal 
magnetic fluctuations of the Earth’s magnetic field. This 
problem can be overcome by comparing magnetic survey 
readings with those from a second magnetometer which is 
stationary. If a second magnetometer is not available, 
periodic monitoring of a designated base station with the 
roving instrument can be used to monitor the trend in 
diurnal magnetic drift, and appropriate adjustments made to 
the data. 

The necessity of acquiring magnetic readings at close 
spacing presents quite a different problem which has 
confounded archaeologists for years. When magnetic 
measurements are secured from even a small archaeological 
site, a ponderous number of magnetic readings are usually 
obtained. Prior to site excavation, all these magnetic 
measurements must be adjusted, plotted and evaluated so 
that they can be used in designing an excavation strategy. 
If the data must be evaluated by hand, interpretation 
becomes the most time-consuming bottleneck in a magnetic 
Survey program. Survey programs conducted by the author 


consistently demonstrated that where computer facilities 
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could not be conveniently accessed, manual analysis of data 
was severely limited, resulting in unsatisfactory 
interpretation. 

Organizations actively engaged in archaeological 
magnetic surveying overcame this problem by developing 
automated data processing systems using computers to handle 
magnetic data. However, survey operations which utilize 
machine data processing for analysis are hampered by the 
substantial delay that ensues while data are shipped to a 
computer centre, processed, and the results returned to the 
field. 

This methodological dilemma was largely overcome by 
using a portable microcomputer for data processing and 
automatic plotting of maps. The computer employed in this 
study was an Apple II plus, equipped with a disc drive for 
rapid data storage and a thermal printer for hard copy of 
maps and data. The Apple system, though designed for 
"indoor" operation, was easily converted for field 
operation using ee! supplied from an automotive battery. 
Rough handling under a variety of conditions did not affect 
its operation. 

At the time the computer was acquired, no software had 
been developed for such machines to analyse and plot 
magnetic data. Most programs which were available for 
mainframe computers were not suitable for the Apple because 


the "single user" orientation of the latter was not 
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compatable with the "batch", non-interactive programs 
supported by mainframe systems. This was seen to be a 
distinct advantage offered by the microcomputer. Its 
highly interactive capability could be used to 
substantially cut down the number of data processing trials 
in the field, and the process of magnetic interpretation 
consequently made more efficient. 

After a great deal of experimentation an operational 
software package was developed by the author for use with 
most of the magnetic data utilized in this thesis. The 
package, written in Apple II plus BASIC (APPLESOFT) 
consists of programs which permit raw field data to be 
entered by keyboard into the computer and then saved on 
disc as a computer file. Any stored files may be recalled 
and analyzed, altered through filtering, and machine 
plotted to produce contour maps, dot density maps or 
selected profiles. A more detailed description of the 
package of programs is presented in appendix A. 

The ease of operation and very rapid speed of this 
series of programs permits magnetic data to be analyzed 
while a magnetic survey is being carried out. This 
flexibility permits a "feedback" relationship between data 
analysis and data collection which is rarely available to 
magnetic survey projects which rely on remote data 
manipulation. The practical advantage of this capability 


will be demonstrated in the following chapters. 
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CHAPTER Abu 


MAGNETIC SURVEYING OF PREHISTORIC 


HUNTER/GATHERER HABITATION SITES 


Although magnetic surveys have been carried out on a 
numbereol prehistoric archacolostieal:s sites, by far the 
majority of these investigations have been concerned with 
locating features such as house pits, tombs and pallisades. 
Prehistoric hunting and) catherine icampsites normally do not 
harbour remnants of substantial structures of excavations, 
and there is less reason to employ magnetic surveying 
techniques to assess them prior to excavation. However, 
Such sites do characteristically harbour fire hearths, 
which can be relatively easily detected using a 
magnetometer. 

Most cultural remains discovered by archaeological 
exeavation_eonsist,of altered lithic and bone debris which 
was strewn about during site occupation. Excavation 
Strategies have always stressed the ideal of sampling this 
debrisfobjectively.in,onesway omanothes, concentrating 
UPGn sthes tTecovecy,of.~artifactssio sucha manne ty that. they 
would most accurately represent the pattern of human 
utdbization.«.»Randomssampling, methods, beein: with, the 
assumption that archaeological materials are non-randomly 
distri buitedAaboute sy sbdite:»,..Human activities, .such,as. food 


preporation, tool making or social gathering usually occur 
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in discrete areas producing non-regular distributions of 
artifacts and other remains, often referred to as 
"contagious" distributions (Greig-Smith 1964: 61). In the 
course of site sampling intact archaeological features 
representing localized human activity are encountered; such 
features usually consisting of hearth remains. Because a 
hearth is usually the focal point of a contagious artifact 
distribution, excavation in the vicinity of such features 
will often yield archaeological materials in contexts from 


which a great deal of human behaviour can be inferred. 


IL, Experimental Models of Hearths 


The magnetic characteristics of fire pits and hearths 
are variable, depending upon the size of the feature, the 
composition of the soil in which the feature sits, and the 
number of times the feature was fired (Tite and Mullins 
lovee Ome Lins.) Of alle thesgeuvariables.. proba b.ly-—tie: as - 
one is most critical for archaeological magnetic survey, 
for if a hearth is to be detected magnetically it must have 
been fired a number of times. Normal fires significantly 
increase magnetic susceptibility of the first few cm of 
underlying ground, but this layer of magnetically 
"enhanced" soil is rapidly AT Prise when mixed with 
unheated soils which are not magnetically susceptible 


(abid.). (AS a result; the soil surrounding. a firé must "be 
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heated and cooled repeatedly in order to build up enough 
magnetically susceptible soil to generate a detectable 
magnetic field. 

To determine exactly how a hearth anomaly would appear 
magnetically after different numbers of cold restarts, a 
limited testing program was initiated on a plot of land 
situated about 40 miles east of Edmonton in an Aspen 
Parkland environment. The experiment involved building two 
tyvpescoterire., 4) a tire pit and) pb) -avsurtacesfire. Both 
were carried out in a magnetically calm area and repeatedly 
rekindled. After every firing each hearth was assessed 
with a magnetometer at different sensor heights. 

a) For the fire pit experiment a hole 60 cm in 
diameter and 10 cm deep was excavated in the centre of a 
four m square area gridded off at half metre intervals. 
Before starting the first fire, magnetic measurements were 
obtained from sensor heights of 60 cm and 30 cm at each of 
the 81 grid stations. A fire was then kindled using poplar 
wood. The sensor wand of a thermocouple was inserted into 
the soil from two to four cm below the base of the fire, 
and at the sides of the shallow pit. During the period of 
burning, the instrument was monitored constantly to note 
maximum temperatures attained by the soil and to determine 
the average temperature for each burn. 

Each fire was maintained for a minimum of two hours by 


intermittently adding wood as the fire began to diminish. 
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Soil temperature fluctuations appeared to be consistent for 
all fire pit tests. Once the burning commenced, 
temperatures rose very slowly to just above 250 degrees C 
Poatier tars tol oe MinuULles. ~Once coals. began to Lor, the 
temperature again began to rise, finally levelling off at 
between 400 and 500 degrees C about one hour after the fire 
was started. Wind gusts occasionally pushed the 
temperature to above 700 degrees C, but only for a few 
minutes. Selective probings into various parts of the pit 
with the thermocouple wand suggested that heat did not 
penetrate significantly beyond three cm into surrounding 
soil at peak heating periods. 

After two hours each fire was allowed to burn itself 
out and then was doused lightly with water to extinguish 
ait COals.) Lue pit was lett Lor ta minimum! of 24, hours 
before it was then rekindled. In this manner, three fires 
were monitored. After the second fire, accumulated 
unburned coals were scooped out of the pit and disposed of 
outside the grid. After the third fire 18 light and dark 
quartzite rocks were placed into the pit and a fire started 
OMELOD OTe Unemns » tor tO tChisetirene. tue .ice, DL was 
magnetically reassessed to determine if any of the rocks 
were magnetic. None were found to contribute any 
appreciable change in the local magnetic field as compared 
with the previous set of readings. The rock burn was 


carried out in the same way as previous burns. Temperature 
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probes demonstrated that the rocks were exposed to 
temperatures fluctuating from 700 to 1250 degrees C 
depending upon wind gusts and the condition of the fire. 
After the rocks had been allowed to sit several days the 
grid was resurveyed and the pit filled in. 

b) The surface fire experiment was carried out in the 
Same way. Instead of excavating a hole, however, a 
circular area roughly 60 cm in diameter was cleared of 
surface vegetation. This became the hearth area. A 
pre-burn survey was obtained from the four m square grid 
surrounding the circle before firing. Temperature probes 
beneath the fire consistently demonstrated that heat did 
not penetrate as efficiently into the soil as with the fire 
pil. In most cases temperatures beneath the fire rarely 
exceeded 250 degrees C despite a large buildup of coals and 
rapid combustion. For thes-fourth, burn.a. circle of 
non-magnetic rocks was established within the burned area 
and a fire built within and on top of them. Temperature 
probes indicated that though some of the rocks were 
occasionally subjected to temperatures above 500 degrees C 
most heat escaped into the open air and was not transferred 
bos therrocks.oresodi1. 

Magnetic data from the first experiment (fire pit) 
were collected at least 24 hours after the termination of 
each burn. All data were diurnally corrected by means of 


base checks every 60 to 90 seconds from the northwest 
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corner of the experimental grid. Prior to burning, the 
magnetic relief of the grid was assayed, with the area of 
burning located approximately at its centre. Figure 3.1l 
displays the magnetic data as a contour map at two gamma 
intervals and as perpendicular profiles through the centre 
of the pit. 

Following the predictions of Tite and Mullins (1971), 
as a fire is kindled, then allowed to cool, magnetically 


susceptible soil will accumulate, eventually in amounts 


sufficient to produce an anomalous magnetic field. Despite 


these predictions, magnetic readings retrieved from the 
test grid immediately after the first and second burn 
showed little difference in magnetic relief from those of 
the unburned grid. It is probable that the two burns did 
not produce enough susceptible material to be detected by 
the magnetometer. After the third firing, however the 
amount of magnetically susceptible soil being created 
during burning became sufficient to produce a detectable 
magnetic -andma-Ly. Cideu rent 3-2). 

The fourth firing, which included the addition of 
rocks in the fare -pit, contributed substantially. to the 
Magnetization of the area in the vicinity of the hearth, 
probably because of the combined factors of enhanced soil 
susceptibility and thermo-remanent magnetization of a few 
of the rocks present during the firing. The contour and 


profile plots show a pronounced increase in magnetization, 
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especially at the lower sensor height (figure 3.3). 

The hearth replication experiments appear to 
substantiate Tite and Mullins’ (1971) hypothesis that 
repeated firing does serve to increase the amount of 
magnetically susceptible material in a hearth. Based on 
this evidence it can be assumed that a fire pit which has 
been started a great number of times will probably produce 
a substantial magnetic anomaly, providing enough iron 
compounds-are .initiallyy contained within the soil... If a 
great deal of susceptible material is built up ina soil 
horizon in a localized area, it might remain in place far 
longer than other soil constituents, since iron oxides are 
not as intimately bound into a soil’s matrix as are 
maghaemites produced during burning. Toatact. it. 1s 
conceivable that if a hearth feature is subjected to 
intensive chemical weathering, all visible traces of its 
existence may be obliterated, leaving the maghaemite 
material as the only remnant of the hearth and its 


associated burning activity. 


II. Locating Hearths on Archaeological Sites. 


Using the data generated from the hearth replication 
experiment, a number of sites in six localities (see 
appendix B) were magnetically surveyed in an attempt to 


locate buried fire hearths. Three of the most significant 
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are examined in detail: 


Db) Cari pouwtslapnd 


A. Problem: The Caribou Island site is located in east 
central Alberta, near the town of Bonneville. Excavation 
of this site in 1965 revealed a multicomponent 
stratigraphic sequence, with the lowest occupation sitting 
on deposits possibly early post-glacial in age. This 
component was overlain by aeolian sand ranging from 80 to 
130 cm in thickness. An absolute date for the lowest 
occupation was not obtained during excavation. Because the 
antiquity of the site was never satisfactorily determined a 
brief program of investigation was initiated in 1980 to 
seek more archaeological data from the lowest stratigraphic 
level containing evidence of human activity. One of the 
primary goals of this project was to locate any deeply 
buried hearth associated with the oldest component so that 


a radiocarbon sample could be obtained. 


B. Methodology: An undisturbed area of the site 
believed to harbour evidence of human activity was gridded 
at metre intervals into two 20 by 30 m sections. These 
sections were then assayed using a magnetometer sensor 
height of 60 cm and 20 cm. The data were diurnally 


corrected by monitoring a base station every two minutes 
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(or more frequently, depending upon ambient magnetic 
activity). General survey accuracy was determined to be 
plus or minus three gammas. The data, once corrected, were 
taken to Edmonton and plotted using SURFACE II (Sampson 
1978), a computer contour plotting program available from 
the University of Alberta Computing Services. 

Two maps for each sensor height are given in figure 
3.4-3.7, one contoured at 5 gamma intervals and the other 
at 3 gamma intervals. Using the four maps, it was possible 
to estimate the depth and position of most anomaly sources. 

After several anomalies were located, they were 
magnetically re-surveyed at one-half metre intervals to 
determine the best area to place test excavations. The 
testing program that was carried out was flexible. 
Excavation was undertaken first in the vicinity of 
anomalies which suggested the presence of a fired feature 
buried at depth. Such a feature was predicted to produce 
an anomaly form similar to the dipole model explained in 
chapter two (figure 2.2). As excavation continued, a wider 
variety of anomalies were tested at lesser depths in an 
attempt to identify most anomaly shapes and intensities so 
that some direct field examples could be used for 
identifying most of the remaining magnetic disturbances on 


the site. 


C. Results: Seven 1x2 m test units were excavated, and 
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Figure 3.4 Caribou 
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Figure 3.5 Caribou Island site magnetic intensity. 
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Figure 3.7 Caribou Island site magnetic intensity. 
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a summary of excavation finds appears in table 3.1. All 
but one unit produced an identifiable magnetic source 
situated at the expected location and depth. The 
exception, unit #6, was mistakenly established in a region 
of poorly defined magnetic disturbance and, not 
unexpectedly, produced no indication of a magnetic source. 
Other units exposed buried metal, an old excavation unit 
dating from work in 1965, a deeply buried igneous boulder 
and a localized subsurface sand intrusion into the 
underlying cobble bed. 

Units 1 and 2 were positioned over a deep lying 
anomaly source thought to most closely resemble a 
hearth-generated anomaly. Based on theoretical models, it 
Was reasoned that the apparent three m separation of the 
anomaly maximum and minimum in figures 3.4-3.7 represented 
a hearth buried approximately 100 to 140 cm below the 
surface at S'S Jeast, 533 north of site datum. To verify 
the data from this grid, a second set of readings was 
obtained in the area of units one and two at one half m 
intervals. Only upper sensor readings were obtained. The 
resurvey data verified the presence of an anomaly in the 
general area, although the exact position of the source 
could still not be determined (figure 3.8). 

Units one and two were excavated in the area 2-4 m 
east, 2-4 m south and the overburden removed to a depth of 


LoOrCi. PLAT MENTS point a Layer or auartrzite cobbles from 
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Provenience Depth Anomaly Source 

north east (cm) 

532-534) S/-5 16 120 em crest of 
subsurface till 

532-5349 65 Lo e519 120 cm crest mf 
Subsurface till 

220979208 309-5 Ty 45 \eom buried igneous 
boulder 

516-518 503-505 P5acn buriedrtin can 

SL2—5 13° S0T—503 65 cm old backfilled 
excavation 

502Z—503 508-510 40 cm erroneously 
placed unit 

510-512 Si od 55 cm sand intrusion 


” Re alias og Es GE 


39 


emma ee wee wee ee ee ee es we we ae ee 


Table 3.1. Results of magnetic anomaly excavation 
at the Caribou Island site. 
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a. magnetic intensity, contour interval=2 
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b. profile of magnetic intensity from X=1,Y=5 to X=5,Y=1. 


Figure 3.8 Caribou Island site magnetic resurvey, sensor=up (Z). 
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the till underlying the site was exposed. It was on this 
surface that evidence of occupation by humans had 
previously been discovered and where possible hearth 
features were being sought. The till surface proved to be 
Smoping, = =wLen the high point -of (thersilepe: incline 
approaching the south half of the excavated unit. No 
hearth remains could be observed anywhere on the cobble 
floor, although a number of quartzite artifacts were 
recovered. After excavation, the unit was again 
magnetically surveyed at half m intervals. The results 
demonstrated a magnetic high between 3 and 3.5 m south and 
3 m east, based on information from the upper and lower 
Sensor readings. Cficure 3.9). 

A soil sample collected from the sand matrix encasing 
the cobbles in this area was demonstrated under subsequent 
laboratory analysis to be more magnetically susceptible 
than the surrounding sand matrix. Although this could 
suggest localized burning, no other evidence of hearth 
remains could be found anywhere in the unit 
(Schnurrenberger and Gibson 1980). It was tentatively 
concluded that the anomaly was caused by the upsloping 
cobble bed rather than a localized source such as a hearth 


remnant. 


D. Gonclusion: Although>important data were collected 


in other aspects of the 1980 Caribou Island archaeological 
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project, the purpose of the magnetometric program was not 
achieved, since no hearths were found anywhere on the site 
and no dateable radiocarbon material was secured. The most 
PiCeryerreacon wOr ENLS Latlure rests «witn the fact that if 
any intensive human activity did take place in the area 
investigated during the early post glacial period, the 
activities that were carried out at that time involved 
mInine forritrhic materialssrather than fire building. CD, 
Schnurrenberger 1981, personal communication). Even if 
fires had been built on the cobble layer their magnetically 
susceptible remains would probably have been very tenuous; 
in all likelihood they would not have been detected given 
the survey accuracy, and certainly not with- more than 100 
cm of overlying sand separating such remains from the 
magnetometer sensor. 

Despite the slim chance of success, some important 
comments can be made about the magnetic project. The 
research goals of the magnetic program were inherently 
sound; the conditions and methods used to implement the 
research were, however, less than ideal. To detect fired 
features, particularly very old features, at a depth 
greater than one m would require a survey sensitivity much 
better than the plus or minus three gammas maintained at 
Caribou Island. If a base station had been used to control 
for diurnal magnetic variation, the survey accuracy on the 


site may have been improved to plus or minus one or two 
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gammas. Unfortunately, even if this accuracy had been 
achieved, the resulting maps would have probably been 
impossible to interpret because of the magnetic uneveness 
of the sub-surface geology. Even at plus or minus three 
gammas accuracy, four of the six anomalies tested were 
attributed to either igneous rocks, artificial features or 


sub-surface geological sources. 


2. Munsungun Lake 


A. Problem: The Munsungun Lake locality is located in 
north central Maine. Research there has uncovered evidence 
of considerable human activity extending from the late 
Ceramic,Periodsto,PaleorIndian,.times. .In.1980.a major 
research program was undertaken to examine a number of 
questions relating to this prolonged human activity. The 
program included major archaeological excavation, 
geological interpretation and paleoenvi ronmental 
reconstruction, so that lithic procurement, settlement and 
subsistence patterns, and human responses to the changing 
environment could be documented (Bonnichsen et al 1980:2). 

A major .stumblinge block.in integrating. the 
paleoenvironmental and geological history of the area with 
the archaeologically determined human activities was a lack 
of radiocarbon dates to link geological and 


paleoenvironmental events to the past human history. 
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Although extensive test excavations had been carried out on 
several sites in the locality, producing diagnostic 
artifacts which could be approximately dated typologically, 
no remains were recovered which could be used to furnish 
dates to correlate with pollen core sequences or geological 
stratigraphy. Because the soils in the Munsungun locality 
were extremely acidic, it was believed that the only 
dateable material which could reasonably be expected to 
survive the presumed great antiquity of some of the sites 
was charcoal, produced in hearths. 

Because some sites were very extensive and appeared to 
harbour areas of intense activity in some areas and little 
activity in others, there was concern that traditional 
sampling procedures would concentrate scarce labour in 
areas producing few archaeological remains. This concern, 
when coupled with the urgent need to locate datable 
Eharocoa) DOr COrreletil on Wi Eb resu Les if.rom other 
disciplines, prompted investigators to turn to remote 
sensing techniques to aid in concentrating excavation in 


key areas believed to harbour remains of hearths. 


B. Methodology: To delineate possible areas that 
contained hearth remains on Munsungun Lake sites, a 
comprehensive magnetometer survey was initiated. In 
addition to this survey an equally comprehensive soil 


chemistry program was carried out simultaneously. This 


45 


as suc Se t¥ehe weet bed? 
>hsaeegei® grisuberg 
vilsotygelege> Borel Tierenizergge) 
falmot ef hes of Biooo Moise Lave 
les igeics, t&@ Beater pss S1e5 asiiog “uriw: ba 
yitiiscel aegeautret sat cl, atida Of seveasd 
vico of2 send bevallsd tav a1 plbiss et i 
i bstoénwoe od Yidanoensr biuesd foatdv Lotiesae | 
ajte off %o smov Le ti iupitoe s8esg beanie aaa” 
eiiixyced of beswhoue Leone 
nee bok Sviemeixs eisv Gwew @aita sage saunost 
fants ewoe wl yrigiios senesvEr Fa enstn rede 
dnolilbexr2 ted? #480009 anv axed ,axctie SE ae ’ 
if tuods! sofese sisysnasres Used serensoesg got tenes 
; - a 


Wain 4 uast lTeoludlowstsra wat un foubetg. 


(deteb «fteel of Bese bewgtu Sit ds iw Walgees 


e on 
oon 2sF¥f{viet cate scitelsr tos vot Ie0 ado 
_ 
ejomst of wtus OF Weeteghsaevas Sasqpers oda li@res 
7 


‘slrievasee galtarsnsanes #E bly od aavpindae? ge 


sri aess teody et «wt bevslisd “ess tae 


* - = f 


yed3 edata sldiveog saJueatiah of :youolobodsew a 
« ,#93he sis! cagavedet a6 edtanss #21 a9 feat 
“J .boyatovlehk saw yevane Istane2oc4te svitonueds @ 

Low svieusisrqeos Yildwpe we Yotrus aldd oF morte 


eid? “syiewoweetl dale tvo Belaewe daw wosyetG 


ve 


latter project was intended to serve as a separate method 
of locating hearth remains by analyzing soil samples for 
the presence of chemicals indicating localized burning 
(principally magnesium, see Konrad et al 1981), and also to 
identify areas of charcoal concentration which might 
suggest intensive human occupation. 

OL the tour sites actually investigated by 
Magnetometry and soils analysis, the results of the two 
most intensively excavated sites (154-14 and 154-7) are 
discussed. Site 154-14, which had yielded sample artifacts 
typolopgpically datine=to,Paleo-Indian times,..was 
magnetically surveyed in eight 20 m square blocks. 
Measurements were obtained at one metre intervals at sensor 
heiehts. of 60..cm and 20, cm. Diwrnal magnetic. variation, 
controlled through repeated base referencing, proved to be 
minimal. Thus survey accuracy in both the single sensor 
and gradient mode approached plus or minus 2 gammas. Soils 
analysis on the same site consisted of obtaining soil 
samples at four metre intervals within and beyond the 
gridded magnetometer research area. A more detailed 
description of the soil survey method is described 
elsewhere (Konrad et al. 1981). Site nlo4—7. located >a. few 
metres below the terrace on which 154-14 rested, was 
surveyed magnetically and chemically in a manner similar to 
lo4=14.) 008 1 54—/otwor20. = 20 moons and.onp 10 x 20% m 


grid were assayed. Accuracy was also estimated to be about 
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plus or minus 2 gammas in gradient and single sensor mode. 
Soil samples were collect in a manner similar to 154-14. 

Magnetic data were returned to Edmonton and, after 
adjustment, were contour mapped in three plots, showing 
upper, lower and gradient sensor data using SURFACE II. 
Because the subsurface geology produced very strong 
horizontal magnetic gradients on 154-14, only the gradient 
maps were used for interpretation at that site. 

Soil samples were analyzed at the University of Maine 
aiurO TOnO:. Soil chemical information was statistically 
presented as standard deviations above and below control 
sample means (Konrad et al. 1981: 5). The data were placed 
on separate site maps and later transferred to the magnetic 
gradient maps of 154-14 and upper and lower data maps of 
[54-7, for direct field “interpretation. 

Excavation of 154-14 was guided by the results of the 
magnetic data used in conjunction with soil chemical data. 
Magnetic anomalies which appeared to be strongly dipolar or 
monopolar and which lay in the general area of high soil 
magnesium content were overlain by small grids and 
re-investigated at half metre intervals. After hand 
mapping of these data, excavation units were established in 
numbers which would best reveal sources for the anomalies. 
Six localized areas of investigation were eventually 
excavated. These localities were distributed over an area 


covering three quarters of the western half of the site. 
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Only one locality was investigated -:on 154-7. This 
localized area was chosen solely on the basis of magnetics; 
insufficient time remained in the field season to examine 
other promising areas of the site which manifested 


abnormally high soil chemical data. 


De Results: Although the ’typolory/ot=the artifacts 
from 154-14 suggested great antiquity, deposition rates 
were apparently so small in the Munsungun area that the 
archaeological component was buried only a few cm beneath 
the site surface. Excavation in the region of all magnetic 
anomalies demonstrated that archaeological remains were 
concentrated primarily within the Ae horizon of the soil 
profile, between five to ten cm below ground surface. 

Thus, hearth remains were not expected to lie at any great 
depth. 

On 154-14; :this fdid not prove to be the ¢ase. The 
archaeological deposits were quickly demonstrated to be 
severely disturbed by many thousands of years of 
ceryoturbation and bioturbation, as the following 
description’ ofveach Vocality <sihows: 

Locality 1] - Based on examination of the magnetic data 
plotted on fistvre 3.10, \it-was believed that a fire related 
featureswouLdepossibliy rest in the vicinity of 430 east “and 
aS. 5) SOU Chee ALsecond: survey ipnithat areagat one half m 


intervals roughly substantiated this prediction (figure 
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3.11 a,b). The dipolar anomaly was subsequently 
intersected by four two m square units. Each unit was 
excavated in arbitrary five cm levels after removal of the 
thick lleataumat, humic soil horizons’ and Ae horizon. 
Despite all four units being excavated to beyond 40 cm 
below ground surface, no visible traces of a hearth could 
be clearly discerned. A large scatter of cobbles and some 
charcoal was found in the Ae and upper B horizon of unit 
518-520 south, 430-432 east. 

After excavation, the baulks, which appeared to 
intersect near the centre of the anomaly, were magnetically 
re-surveyed by placing the sensor 20 cm below the top of 
each baulk and taking readings every 25 cm along their 
length. Thepsurver results (ficure 3.1)1 ¢,d) show that the 
baulks did intersect the anomaly source and retain a 
significant amount of highly susceptible soil because the 
baulk profiles indicate that the source was apparently 
localized in the area predicted by the survey. 
Unfortunately, the soil profile showed such intense natural 
red and orange stratigraphy (as would be expected from 
podzealic, siranerich soils): that. no indication of any “fi red 
feature was visible. 

A feasible explanation that could account for the 
presence of the magnetically susceptible soil is that the 
Material. was ‘the remnant of a fire pit which had been 


restarted a number of times. A higher than average 
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concentiration.of artifacts came et rom the fiour units 
surrounding the anomaly than elsewhere in 154-14. These 
artifacts included a number of broken and half completed 
lithic tools, plus several incomplete fluted points. Thus 
it would seem, in view of the high artitteet productivity of 
the area, that a hearth feature may have been present in 
the area, but that millennia of severe weathering 


obliterated the visible evidence. 


Locality 2- Because a number of magnetic anomalies and 
magnesium highs were located ina fairly localized area, 
intensive excavation was implemented in this area to search 
for possible hearth features (Bonnichsen et al. 1980: 31; 
figure 3.12). A chet¢kerboard configuration, of excavations 
was established. Few artifacts were recovered from the 
excavated units and extremely disturbed natural 
stratigraphy enabled minimal interpretation of the deposits 
exposed. 

A depression filled with a redeposited soil horizon 
and intermittent buff coloured loamy soil lens containing 
charcoal was revealed in the area from 496-498 south, 
420-422 east (ibid 1980: 32). The depression, which was 
partially deformed by a large boulder found intruding into 
it, was carefully exposed and sectioned from many 
d@reections. Vlts orileinwhas not eemnesaristactord ly 


determined, although it appears that the depression 
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contents were at least partially derived from extensive 
burning (based on the presence of large amounts of 
charcoal), suggesting a possible hearth origin. This would 
account for the number of magnetic anomalies appearing 
Within the unit.; -Untortunately, thevextent of 
stratigraphic disturbance prevented any firm conclusions 
being reached about the origin of the feature, and no 
artifacts were found in direct association with it. The 
anomaly at 498 south, 425 east (figure 3.12) was almost 
certainly caused by a buried magnetic boulder which was 


exposed during excavation. 


Locality 3 - High magnesium readings in association 
with a dipolar magnetic anomaly and a number of flakes 
which had been exposed by a nearby tree throw prompted 
excavaitponmin. Chis area ,Citeure 3.13). Excavation 
disclosed artifacts, suggesting the area was used for 
expensive Glrrhic reduction, particularly to the south of 
the magnetic anomaly centring at 469 south, 441 east. 
Unfortunately, although magnetic readings suggested the 
presence of a highly magnetic source, no source could be 
detected visually. Because no intensive resurvey of the 
locality was carried out, it was impossible to verify the 


existence of the magnetic dipole. 


Localrucles 4. 5 and 6 = Uniese, localities were not as 
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extensively investigated because of a shortage of time 
available for their excavation. The units were designated 
because they fell along a base line intended to be 
excavated to determine geological stratigraphy. Thus the 
localities did not represent optimum magnetic anomaly or 
soil chemical readings for the entire site, but only for 
the area which was passed through by the base line. 

Locality 4 (figure 3.10) was not believed to be 
representitive of any substantial feature since it was 
manifested by only a small monopolar magnetic low from only 
one station. A magnetic resurvey was not implemented. Not 
surprisingly, no anomaly source was exposed, although a 
concentration of flakes was obtained from the unit. 

Locality 5 oO iiieure ¢3i. bO) 03). L2)uwa's onag met caibhy 
re-surveyed, which confirmed the broad double monopole 
magnetic high on and to the north of the base line. A few 
possible fire cracked rocks were retrieved, but no real 
evidence of a fire hearth or other burning feature was 
visible. However, right on the anomaly high at 499 south, 
447 east a vast number of lithic flakes were retrieved. 
Dine: clvithiic Iconcentra tion waisi wp) to Sine: rem vtliiick sa nd 
displayed a radius of at least 50 cm. 

Locality 6 (figure 3.12) was centred over an anomaly 
at 500 south, 453 east. Again, the anomaly dewrds was not 
easily discernible, but appeared to be the remains of a 


fired feature, ias «it «consisted :of afew «clustered pieces of 
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fire cracked rock and dispersed charcoal. Unfortunately, 
all remains were in uncertain context as a tree (with only 
the stump remaining) had grown over the rock and charcoal 
remains. 

On site 154-7, research results were much more 
rewarding in the single locality excavated. The powerful 
dipolar anomaly centring at 498 south, 511 east proved to 
be. causedby. a fsubstantial Nearth remnant. (figure 3.14, 
53.15) .eeet ter thertfeature was partially exposedsit was 
magnetically re-surveyed at a one m interval at two sensor 
heights, revealing an intensive dipolar anomaly (figure 
3.16). The feature consisted of a close packed "pavement" 
of fire cYracked frock, roughly ten cm Circe, Lydcne 
approximately 20 to 30 cm below ground surface (Bonnichsen 
et al7 1980; 22). (Much cof the feature extended beyond the 
original two m square exploration and could not be totally 
isolated. A number of important cultural materials were 
secured from the hearth complex, including a projectile 
point, so, barze“dmounty or charcoal and calcined bone fron, a 
number of animal species. The bones were the only ones 
recovered in 1980. Although no other excavations were 
undertaken on 154-7 that season, a surface survey of other 
anomalies revealed a complex of features associated with an 
historiclcapian.- in thewareams00— > LOe south, 500-520 east. 
The most obvious feature in this area was the remains of a 


fireplace, represented by the powerful anomaly produced at 
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Figure 3.15 
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a. hearth remnant magnetic intensity. 
sensor=down (Z1). 
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profile of hearth remnant from x=515,y=495 
to x=510,y=500. 
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S06) sautn,) 1511) eas ti. 

In 1981, test excavations were continued on 154-7. 
These explorations did not make use of the magnetic data in 
choosing areas for exploration. Instead, contiguous two m 
wide tests were extended north and west of the 1980 units 
CoLewrees «lh cr elo) LNer ori olna baneart hea reauwas found: 10 
extend in a area 6 m square from the anomaly centre (R. 
Low, J. McMahon, personal communication). Trenching to the 
north of the hearth determined the extent of the feature 
but failed to encounter other hearth remains, even when a 
two m unit was expanded to the west of the north-trending 
trench.«-, [his: is not surprising since this westward 
exploration was situated about 2 m north of the centre of a 
magnetic anomaly almost certainly caused by another hearth 
feature. 

Excavations to the south and east of the original 
hearth fortuitously encountered a smaller hearth-like 
feature consisting. of fiire-c'racked Jrock. calcined bone and 
eharcod at Oe SOU a7 oe BemsStam Apirticnh, I ehic artis act 
inventory was also secured from the hearth area, including 
four lanceolate: points. This feature exaetly coincides 
with the magnetic anomaly shown in figure 3.14 and 3.15. 
Two other excavations were placed west of the original 
hearth. Their placement was near an area of complex 
magnetic relief, but not precise enough to expose the one 


or more sources causing the magnetic disturbances. 
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Therefore it is not surprising that no hearth or other 
feature was encountered. However, a very large bifacial 
core was recovered from one of the units (J. McMahon, R. 
Low, personal communication) which may have displayed 
magnetic properties sufficient to cause one of the minor 


magnetic disturbances in unit 499-502 south, 502-504 east. 


D. Conclusion: On 154-14, the results of magnetic 
Survey were not clear-cut, chiefly because of the extremely 
disturbed nature of the archaeological deposits. No 
archaeological features were discerned visually, other than 
possibly in locality two and six. The only strong magnetic 
suggestion of a hearth was in locality 1, where an 
accumulation of magnetically susceptible soil was found, 
traces of charcoal and rock clusters were exposed, and 
numerous artifacts suggesting intense human activity were 
collected. 

The enigmatic character of this last locality brings 
up several points related to tactical versus strategic 
magnetic surveying practices. Strategic surveys involve 
collecting magnetic data and then leaving the site without 
attempting to verify magnetic anomalies by correlating them 
with soil samples or surface features. The data are 
interpreted without reference to other on-site information. 
This type of survey is contrasted by the tactical survey, 


in which interpretation is carried out as magnetic data are 
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collected. Resurveys, probes and test excavations are 
implemented on the site as required and maximum information 
is gathered about all important magnetic anomalies 
detected, and used to help interpret the magnetic data. 

Had a magnetometer not been available to continually 
resurvey the magnetic soil concentration of locality one, 
the source of the anomaly almost certainly would have 
remained undetermined and the whole nature of the locality 
thrown into question. At present there is no explanation 
of why a localized pocket of soil should become highly 
magnetically susceptible except by oxidation and reduction 
processes resulting from intensive localized burning which 
removes oxygen from the soil. Based on the hearth 
Teplication experiments Of tihis'"¢hapter, tis soil “pocket” 
could not have been created by slow stump burning, as has 
been suggested, since it was concluded after the 
experiments (and substantiated by other researchers) that 
oxidation and reduction reactions were required to take 
place a number of times before soil could become 
susceptible in quantities large enough to be magnetically 
detectable and produce a substantial dipolar anomaly. 

Excavation of some anomalies produced curious results. 
Locality 5, which yielded a heavy concentration of flakes 
but no visible hearth remains, produced a noticeable 
anomaly which was verified after re-survey. lt. is possible 


that a fired source may have left susceptible soil that 
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could wot *bede tected. * There is “also the possibility ‘that 
the heavy concentration of flakes may have contained 
materials that generated a perceptible magnetic anomaly. 
This does not seem probable, however, as the thousands of 
flakes were largely of chert which does not normally 
display a high magnetic susceptibility. However, the chert 
flakes may have been heat treated and consequently 
thermo-remanently magnetized. The flakes may in fact have 
acted in the same manner as a cluster of pot sherds, 
producing a net positive distortion in the Earth’s ambient 
magnetic field which was detected by the magnetometer. 

It is probable that the presumed antiquity and 
consequent disturbance of 154-14 contributed greatly to the 
extreme difficulty in detecting, excavating and 
interpreting archaeological remains. Diagnostic artifacts 
Cparticula rly the fluted point fragments’) found’ ‘on the site 
suggest an age approaching ten thousand years B.P. 
Countless biological, geological and metereological 
incidents could have detrimentally affected the very 
shallowly buried 154-14 site during this very long time 
span. 

However, diagnostic artifacts recovered from 154-7 
suggest an age of less than half that of 154-14, and the 
condition of the cultural features supports this 
conclusion. Although only one archaeological test was 


emplaced in 1980, it was guided by evidence of hearth 
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remains gained by magnetic survey, and ultimately provided 
the most interpretable archaeological data for the whole 
program. The value of the remote sensing technique in this 
particular case was especially pertinent, for previous 
random testing of 154-7 had failed to intercept hearth 
remains, faunal material or fire-cracked rock, although 
many artifacts were exposed. 

Excavations in 1981 continued to verify the predictive 
usefulness of the 154-7 magnetic data. Non-directed 
excavations revealed another hearth, its position predicted 
exactly by magnetics. Significantly ,: ameasiwhichudid mot 
yield evidence of burning activity also displayed no 
magnetic anomalies and in at least one case an exploratory 
test missed a magnetic anomaly (probably a hearth remnant) 
by several metres, exposing deposits which were relatively 
sterile of artifacts (R. Low, J. McMahon, personal 
communication). 

Based on the currently tested anomalies found on 
154-7, there remain a number of fruitful areas for 
excavation, if hearths are desired. Particulary important 
areas lie within three metres of 491 south, 508 east, and 
Deane Nasio wtihr, eel) seasitiaGt lewreiei.14, 3.15). Another 
extremely complex anomaly cluster is centred at 480 south, 
505 edist Neextiendime sinha six umetraddiuss. Unfortunately, with 
the «data currently available; :iteis virtually impossible to 


determine exactly where these specific anomalies lie and 
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what their nature could be. There are at least ten other 
very promising anomalies that can be tested outside of the 


historic complex on the south end of the site. 


a.0Dickey=Lincol a 


AS* Problem: Thiet Dd ckey=Lineolne Llocadd tyidise situated in 
north-central Maine, not far from the Quebec border. 
Survey work in the area, as part of an impact study 
initiated by the U.S. Army Corps of Engineers, located 
several archaelogical sites on landforms which could have 
been occupied by humans at a very early time. The sites, 
because of their possible antiquity, required intensive 
investigation to determine their elegibility for nomination 
to the United States National Register of Historic Places 
GNA civod aistjet’ ja 1g elt: Silene 8:0) x, Because of limited resources 
available for conducting this testing operation, a 
magnetometer survey was implemented on two sites using the 
same research design that was set out for the Munsungun 
Lake locality: to locate fire hearths as a means of 
isolating tcubewral ectriviity loci jigand Tro sobtadim hearth 


charcoal for radiocarbon dating. 


B. Methodology: Due to a shortage of time, the 
research methods used were entirely strategic. Magnetic 


data were obtained at metre intervals using two sensor 
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measurements per station. Diurnal variation was controlled 
by base checks; survey accuacy was determined to be plus or 
minus two gammas. After data were collected, they were 

taken to Edmonton and adjusted and mapped using SURFACE II. 

Because the data were interpreted off the site, no 
magnetic anomalies could be verified magnetically and no 
exploratory probes made to cross-check the magnetic data 
with actual site stratigraphy. Furthermore, individuals 
experienced in interpreting magnetic data from maps 
generated by SURFACE II would not be available for 
consultation when the sites were to be re-visited for test 
excavation. As a result the maps that were produced were 
evaluated by the author in Edmonton, using a priority 
system based upon example anomalies found and excavated at 
Munsungun Lake, a locality which displayed a geographical 
and geological setting similar to that of Dickey-Lincoln. 

The priority system was established using anomaly 
configuration, intensity and size criteria, as they were 
displayed using upper, lower and gradient mode data. These 
criteria were then used to rate an anomaly in two ways: 

i) absolute probability rating - This rating was based 
on a four point scale. Anomalies were subjectively 
compared to Munsungun data and a probability scale of 
l=excellent, 2=good, 3=fair and 4=poor established for the 
probability of a specific anomaly being caused by a 


fire-related feature. 
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11) relative probability rating ~— This subjective 
rating was applied only within a single interpretive grid. 
The total number of anomalies within a grid were tallied 
and their provenience determined. The anomalies were then 
rated among themselves, with the most likely hearth 
anomalies rating at.the.top.~Clahiohnest possibility) .and the 


least likely rating at the bottom. 


C. Results: As an example, the results of two 
contiguous test grids from site 170-1 at Dickey-Lincoln are 
presented in table 3.2, refering to figure 3.17. The 
Stratigraphy .of 170-1 proved,to be as difficult to 
interpret as that of Munsungun site 154-14, with the Ah and 
B horizons often mixed and frequently discontinuous in 
nature -Giteholas tet padi. UIST: ol) Thus. no evidence: of 
cultural horizons could be discerned, and archaeological 
features were not found intact. Despite this limitation, 
evidence of former features could be discerned, mostly in 
the form “of firre-c racked rock clusters. 

Because anomaly centres could only be estimated within 
plus or minus one metre, probing may not have been as 
useful in discerning sources as would have been the case 
with more extensive excavation. Since no secondary 
surveying could be carried out, the survey results were not 
expected to be much more accurate than presented above. 


However, though positional accuracy was reduced, the 
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Anom. 
Grid <A> 

A 9 
B 8 
C 5 
D 1 
E 3 
F 2 
G 6 
H 10 
I 4 
A} 7 
Grid. <B> 

A 2 
B $ 
C 4 
D 1 
E 5 


Test Test 
type find 
Test FCR 
Probe FCR 
Probe FCR 


Probe/Test ECR 


Probe/Test FCR 
Probe/test CHR 
Probe Spor an 
Probe onions ane 
Probe pom jem 
Probe -——— 
Probe FCR 
Probe FCR 
Test FCR 
Probe -—<= 
Probe smn 


meee meme ee ce eee ee ee ee ee ee we wee ee ee ee ee ee ee ee we ee ee ee ee ee we ee ee 


KEY 


9=relative probability rating 
(3)=absolute probabiliy rating 
Test=test pit 


Probe=soil core 


Table alia 


FCR=fire cracked rock 
CHR=charcoal 
—---=no source found 


Results of magnetic anomaly investigation 
at’ Dickey-Lincoln site t70-1, 
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Figure 3.17 Dickey-Lincoln site 170-1 
and Area B. 
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researchers who subsequently tested the site reported a 
success rate of over 66 per cent using the tables in 
correlating anomaliesawithsculturdl. remains r(ibidse: 91). 
They further acknowledged that the success ratio would have 
been improved had the survey been more exhaustive in 
magnetically verifying local subsurface anomalies prior to 
excavation so that natural anomalies could have been weeded 


out. 


D. Conclusion: The successful results of the magnetic 
survey at Dickey-Lincoln can largely be attributed to the 
special research methodology used in applying the magnetic 
data to an archaeological testing program. Using the 
probability tables and rapid testing procedures, major 
areas of prehistoric activity could be approximately 
located and excavation accordingly initiated. The 
computerized data processing did entail a substantial delay 
(over a week) before excavations could be instituted, 
primarily because the mapping system used was available 
only at the University of Alberta. Had the 
microcomputer-based processing system eventually developed 
been operational for this project, it is probable that the 
survey results would have been more accurate, more area 
could have been magnetically assayed, and excavations 
started much sooner. 


Figure 3.17 shows a set of traced diagrams based on 
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the microcomputer plots of some of the Dickey-Lincoln data 
originally interpreted from calcomp plots produced by 
SURFACE I]... The latter program; sthough fairly,accurate and 
fast, is nevertheless somewhat inflexible because of its 
Vhatcherun,.orientation.,JAsua result it is ,impossible to 
interact with it to establish specific contour intervals, 
suppress certain contours or produce statistical 
information from parts of a grid without having to re-run 
any-entire plot. With thep,Dickey-Lincoln data, .these 
shortcomings severely limited the number of plots which 
ecouldsbetproduced.to closely discern archaeological 
features. Consequently, several of the test areas which 
were identified from the calcomp maps were, upon 
re-processing using the microcomputer software, either 
relocated more accurately or given a different priority. 
This reprocessing explains why some of the designated 
exploration units shown.ipn figure o3<l/eare not placed 


directly over anomalies, or do not contain anomalies. 


TT lo eviagneticeoea rch Corerottery 


Prehistoric pottery is magnetically detectible through 
thermo-remanent magnetization. Pots and other ceramic 
items of fired clay often produce very significant magnetic 
anomalies on prehistoric sites. Unfortunately, pots are 


rarely recovered whole on such sites in North America; if a 
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vessel has been broken and the fragments scattered into a 
diffuse cluster, the anomaly generated by the resulting 
distribution may bear no resemblance to the original 
anomaly produced by the intact object. To determine what 
kind of anomaly configuration, if any, would be produced by 
broken pottery on archaeological sites and if magnetic 
survey is a feasible means of locating such materials, a 
program of magnetic search was undertaken on a prehistoric 
pottery bearing site at Child’s Lake in west central 
Manitoba. 

Although a number of areas on the site were 
investigated, one particular example demonstrated the 
magnetic characteristics of pottery fragments. The freshly 
exposed fragments, primarily body sherds lying flat on the 
ground surrounded by tree roots, were broken unevenly over 
a circular area 40 cm in diameter at approximately 113 m 
east, 19 mesouth of datum ($igure 3.13); Contour plots of 
the upper and lower data revealed a broad area of low 
magnetic intensity over the general area of the sherd 
scatter, but this magnetic relief was largely obscured by 
adjacent strong anomalies. Profiles from the upper and 
lower data running south and east and passing directly over 
the pottery scatter did not clearly isolate the presence of 
the ceramic concentration from surrounding magnetic relief 
in the grid. Fortunately, the gradient data removed most 


of the horizontal gradient produced by the unknown but more 
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distant source, permitting a six gamma anomaly to be 
clearly demarcated directly over the pottery scatter 
Cit purer ae oO) 

It is likely that the scattered pottery pieces were 
each too small to generate as powerful a dipolar magnetic 
field as would be expected from a whole pot. Instead, the 
randomly scattered pieces may have simply increased the 
magnetic field intensity in the local area only, because 
the northsand south poles. of each £ragment did not nullity 
one another magnetically. A similar mechanism may also 
bave contributed tio the anonalyeround over che sltthic 
scatter at Munsungun Lake site 154-14, which was previously 
discussed. Based on this interpretation, it is possible 
that pottery fragments in aggregate could be so arranged as 
to largely cancel one another out, producing no perceptible 


change in the total field. 


IV. Incorporating Magnetic Data into Excavation Strategies. 


As previously stated, the culturally contagious nature 
of hearths makes them very amenable to productive 
excavation. Ini Ss characte riecic. 1Wwoten Was Strong Ly 
emphasized during the Munsungun Lake and Dickey-Lincoln 
surveys, has important implications for site sampling. 
Given the ability to determine the location of hearths (or 


even pottery clusters) an archaeologist can devise a 
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sampling strategy which will emphasize excavation in hearth 
areas, where evidence of human activity will probably be 
abundant, yet include peripheral areas which may yield 
other types of cultural remains not directly related to 
fire places. 

As an example, consider a hypothetical single 
component site deposit on a level, featureless 20 metre 
square piot of ‘land (figure 3.19)... Occupation remains 
eonsist..of two diserete Pithic artitacte scatters (Al and 
AZ Withinscatter*Al are the~remainsvof'thrree small fire 
hearths ‘approximately! 0.6 m inkdiametery(HIiggH2, H3)>, two 
of which are near elongate lithic chipping features (CFl, 
CF2). There is no discernible quantity of bone within 
scatter Aly | Artifact) scatter AZ contains two hearth pits 
measuring more than one metre in diameter (P1,P2), and 
three localized clusters of broken bone in association with 
the~f4-re-pd-ts--CB4-,382483). Seatter-A2zuptedide-—two to four 
pieces of broken bone per square metre over its extent. 

A random sampling system was devised in which the plot 
of ground was divide into 20 rows and 20 columns. Each row 
was numbered from one to 20, as was each column. Metre 
squares or "units" were then randomly selected as required 
by randomly picking a number from one to 20 for a row, and 
then for a column. The two numbers then furnished the 
coordinates with which a unit was selected. Using this 


simple random unit generator, an arbitrary ten per cent 
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Figure 3.19 


re 


LEGEND 
Al” = artifact scatter | 
A2 - artifact scatter 2 
H? - fire hearth 1 
H2 - fire hearth 2 
H3 - fire hearth 3 
A CF1 - chipping feature 1 
CF2 - chipping feature 2 
PIP ehiuner one a 
Ré tea fire: pit 2 
Bl - bone scatter ] 
B2 - bone scatter 2 
B3 - bone scatter 3 


Hypothetical feature distributions and theoretical 
sampling approaches. A - unsampled 20 m square grid; 

B - grid sampled with ten two m squares; C - grid 

sampled with 40 one m squares; D - fired features 

located after magnetic survey; E - stratified grid sample. 
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sample of the exemplary "site" was “excavated". 

The first ten per cent sampling procedure was 
initiated by randomly selecting ten two metre squares 
CPiicureas 3 1 9b) uh Ss. pa rideculayest ratecy. using (laroe 
units, resulted in minimal sampling of locality Al (2 
units) and only restricted sampling of A2. Another random 
sample of the site using 40 one m squares (figure 3.19c) 
improved the sample results, in that contagious 
distributions Al and A2 were more fully excavated over a 
broader area. Unfortunately, because the 40 units were 
distributed over the entire site, many fell outside of the 
contagious distributions, revealing no significant remains. 
Sampling the site in a totally random fashion did locate 
the. two contagious localities, but the full range Jof 
features contained within them was poorly revealed. 

If the three hearths and two fire pits are 
successfully delimited by magnetic surveying, the 
contagious nature of the artifact distributions around the 
hearths can be directly accessed in the course of feature 
excavation. In this case a random sampling design is not 
required since contiguous trenches can be excavated beyond 
the hearths in different directions to determine the extent 
of localities Al .and A2, 

Unfortunately, this strategy places great emphasis on 
human activities related to fire. If other activities 


unrelated to the hearths took place on the site away from 
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localities Al and A2, they would not be sampled using this 
latter strategy. As an alternative, it is possible to use 
the magnetic data to devise a stratified random sampling 
methodology in which all of the site is sampled, but the 
two localities more intensively. Such a strategy, for 
example, could entail sampling ten per cent of the twenty 
metre square area, with 60 per cent of the sample (24 
Square metres) being retrieved from localities Al and A2 
and the remaining 40 percent (16 square metres) coming from 
beyond those localities. 

To stratify the site, two distinct sub-areas are 
designated, one containing the three hearths and the other 
containing the two fire pits. The extent of the sub-areas 
is defined by designating a rectangular area oriented with 
the sample grid and extending two metres beyond the edge of 
the most distant feature from the perceived centre of the 
clustered features, in each direction (figure:3.19d). This 
definition results in locality Al being overlaid by a grid 
nine by ten m (90 square m, sample Sl) and locality A2 
being circumscribed by a grid six by ten m (60 square om, 
sampleiS2)y sSiktycperticentaofsthese40 square meallottedito 
sample’ten per cent of the sitesis.24 units..,O0f the 24 one 
m square units being allotted to the two localities to be 
intensively sampled, and considering the relative 
proportionssofkeachogridj.tiocality Al receives 14 one m 


squares and locality A2 receives ten one m square units. A 
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random sample is accordingly generated to place 14 units in 
sanplerol. ten: unitse-ins S2eand the remaining» units: 16) 
throughout the rest of the site (figure 3.19e). 

Using this system, all three hearths and one of the 
two fire pits as well as both chipping features and two of 
the three bone features were intercepted in localities Al 
and A2. The less intensive sample secured beyond the 
features, though producing no cultural material, 
nevertheless succeeded in defining the two localities, 
demonstrating that the latter were in fact discrete 
activity areas. 

This example may not be directly applicable to any 
particular archaeological site. Nevertheless, it does 
demonstrate that with a little innovation magnetic 
surveying of a prehistoric archaeological site can 
accomplish much more than simply finding hearths to secure 
radiocarbon samples. For example, the work at Munsungun 
Lake, though originally planned with the express goal of 
securing charcoal for dating, was more valuable in defining 
apparent activity areas on parts of the site where 
intultivnetyescuch tactiviityrtwas thought not. to exist. This 
revelation did not lead to the same type of sampling 
strategy as explained in the example, but it did stimulate 
more extensive excavation in areas which proved to be very 


productive archaeologically. 
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V. Conclusion 


The successful use of magnetometry to locate hearths 
on prehistoric hunter/gatherer sites is primarily dependent 
upon the condition of the feature which is sought and its 
distance from a magnetometer’s sensor. Hearths which have 
been severely weathered and physically disturbed are more 
difficult to detect magnetically than undisturbed features. 
If hearths are buried deeper than 1.5 m from the sensor 
only the largest ones will be resolvable amid the natural 
magnetic .reli ef of, a. prehistoric. site. 

Based on the experiments at the beginning of the 
chapter, hearths which will be most detectable are ones 
which have been kindled repeatedly. This suggests that 
there will be less chance of locating fired areas on sites 
which were occupied for only a short time. On the other 
hand, camp sites of long occupation should be expected to 
harbour hearths producing very strong anomalies. Ine Sich: 
cases it is possible that, under optimum conditions, fired 
areas can be reliably delineated at distances over two m 
from a magnetometer sensor. 

Fired clay pots and clustered pottery fragments may be 
successfully located using magnetometry, if they are not 
buried too deeply in the ground. Magnetic surveys at 
Childs Lake located a number of buried pottery clusters at 


distances of up to 75 cm from the magnetometer sensor 
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(Badertscher 1982, personal communication). It is possible 
that heat treated lithic scatters and objects may produce 
detectable magnetic anomalies as. well. Unfortunately, the 
evidence suggesting this, from Munsungun Lake, could not be 
verified and the results are at present ambiguous. 

One potentially important area of investigation which 
was not pursued during the course of this study was the 
testing of various soils for magnetic susceptibility. In 
fact, though a number of soil samples were collected from 
several prehistoric sites the lack of proper equipment to 
perform the susceptibility measurements prevented any 
magnetic information being obtained from them. The 
research at Munsungun Lake could have very profitably 
utPlized a portable rsirsceptibi-li ty %b ridge +t6 ‘dbtaim: ‘soi 1 
susceptibility readings on site. The instrument could have 
been employed as excavation proceeded, so that potential 
areas displaying abnormal magnetic intensities could have 
been delineated, treated as hypothetical hearth features, 
and excavated accordingly. This would have permitted more 
confidence in placement of excavation units, and the 
localities could have been viewed as activity areas rather 
than test excavations simply searching for them. Areas 
which did not exhibit magnetically susceptible material 
could have been quickly abandoned, if strategy required it, 
and other areas tested. 


To conclude, magnetic surveying of prehistoric sites 
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Canevyield-usefulviniormaticnforscertain kinds of 
archaeological research. However, survey applications must 
adhere to the limitations of the magnetic technique. The 
Caribou Island project represented less than ideal 
conditions for detecting hearths and research results were 
bound to be ambiguous, given the depth such features were 
anticipated to.be buried. Ina similar vein, surveying on 
sites of great antiquity, particularly in forested 
environments, may yield data which are difficult to 
interpret. This is because natural destructive forces have 
more time to visually obliterate hearths. These 
difficulties, however, are by no means common. Luge Rees Wat a 
the majority of ‘forest sites, at least in northern North 
America, contain deposits which are relatively shallow 
(less than one-half m) and have not suffered environmental 
upheaval equivalent to that of Munsungun Lake or 
Dickey-Lincoln. Using magnetics, it is possible that many 
prehistoric sites could be effectively investigated in a 
short time period at a reduced labour investment, providing 
a proper research design is adopted and consistently 


adhered to during site investigation. 
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CHAPTER IV 


MAGNETIC SURVEYING OF HISTORIC SITES 


Tr unt rodqucetion. 


Historic sites in North America usually contain well 
preserved archaeological remains because they are only a 
few hundred years old. They are generally quite easily 
detected using magnetics, and consequently magnetic 
surveying of historic sites is often carried out in some 
parts of the continent. However, not much magnetic work 
has been done in Western Canada. It was therefore decided 
to test the feasibility of magnetometry in assessing 
historic archaeological remains in this area. The results 


of three such surveys are presented below. 


II. Field Examples. 


1. Cannington Manor 


A. Problem: Cannington Manor was a small village 
settlement in southeastern Saskatchewan. It was 
established in the 1880’s and consisted of more than a 
Aoten Major structures, including a horely achool. and flour 
Dis Vel OU ete Cat ri ved -a8 ae Commun LUry ean rite wd ©S°:t 1. Fee 


two decades, the village declined as a commercial centre 
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after 1900 and was entirely abandoned by 1915. All 
buildings but the church were dismantled or moved and most 
surface remains of the townsite were obliterated in the 
ensuing half century by farming activities which took place 
over most of the former village (Gibson 1978). The site 
was designated as an historic park by the Saskatchewan 
government in the 1960’s and archaeological testing was 
carried out to determine the condition of the new park’s 
archaeological resources. Because of its limited nature, 
this testing concentrated only on major structures and was 
not concerned with the total cultural resource inventory of 
the site (Gipson) 97s). 

In the late 1970’s another program of investigation 
was initiated. At this time more attention was devoted to 
deterninine the types, quantity and condition of 
archaeological features and objects contained within the 
park boundaries, with emphasis placed upon the resources 
surrounding the known positions of the larger buildings. 
Unfortunately, traditional exploration methods involving 
linear trenching, random probing and test pitting required 
too much labour investment for the crew size available. 
Consequently an alternative method was chosen, involving 
magnetometry, to intensively assess the archaeological 


resource content of a particular area. 


B. Methodology: To obtain some idea of the resource 
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potential of the many living yards in the park, three 
separate areas were magnetically surveyed, with the intent 
to use the results as indices to the condition of 
archaeological features for the rest of Cannington Manor 
Historie Park. “OneAsdeh area, at20 x. 30. m prid, was 
situated behind the remains of the old village teacherage. 
Prior to magnetic surveying, the grid was closely examined 
for suspicious ground features and any evidence of 
vegetation anomalies. Ingtne “process. sae caircula rT 
depression one m in diameter was noted, as well as a large 
rectangular area of heavy grass growth in the north half of 
the egrfid@and a strip of "light coloured-vegetation on the 
grids southern@halin(fteure 4.1% 

Magnetic measurements were obtained from the grid at 
one m intervals with the sensor at 65 cm above ground. 
Diurnal variation was controlled by referring to a base 
instrument after every station measurement. An older model 
Magnetometer, which produced magnetic measurements that 
appeared to drift uncontrollably after several hours 
operation, was used. Because of this machine inaccuracy, 
and despite strong control of diurnal error, the survey 
accuracy was probably not more than plus or minus five 
gammase Once cage were gathered they were manually 


adjusted and plotted at a contour interval of ten gammas 
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a. relative magnetic intensity in b. excavations and features 
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hatchured contours start at 
140. 
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o- anomaly location 
--+-- Suspected feature outline 
——- excavation unit 
- abnormal vegetation cover 
bel - heavy vegetation cover 
a - metal hoop fragments IN 
b - pitchfork head 
c - cast iron plate 
d - smal] depression 


Figure 4.1 Cannington Manor Historic Park, Teacherage grid. 


87 


ri YS eaezal sitengen ia 
Oj *lavneta?® syotnas ~2an 
te t0as2 ewwornas baw tp 


» ol BE 
yaa =o 7a 9 
a, P. 


~ortsse! ytambas ee 

oi luo swiss) Ssloegagee seer 
rink NoresveES ie 

vevd3 fotisisosy 1 a 
maroon harsayaose iad = 
pasa adorn [stem + By 

, | ot dvaltiod tq = -d 
sist yt 2265 —" 
notzesiqet Tene =e 
ai 3 


tt 


a 


Qe oisesT Arce sPehee wore notentnns) ro 


88 


C. Results: Although a coarse contour interval was 
employed in mapping and interpreting the teacherage grid 
data, a number of significant magnetic anomalies were 
identified. The source location for each anomaly was 
roughly determined from data on hand; no repeat readings 
were obtained for specific anomalies. Upon identification, 
all anomalies were investigated by excavation of the 
Cultivation zone and removal... to required, of thervAh and 3 
soil horizons. As well, selective soil cores were 
retrieved when excavation was considered unnecessary. The 
results of these explorations are shown in table 4.1. 

Of the eight anomalies investigated, six (A-E,G) 
appeared upon limited examination to be related in some 
Manner to remains of former structures or activity areas 
such as refuse: dumping a6 tAnomaly D> in the wicinity of ~Ehe 
depression found during the surface survey, was probed and 
found to contain large rocks and“mixed carth fill, and was 
interpreted as a well. Two anomalies (F and H) were caused 


by isolated metal. 


D. Conclusion: As previously stated, the goal of the 
Cannington Manor exploration program was to determine the 
extent, range and state of preservation of archaeological 
features that were postulated to rest in the area of a 
number of former structures. Based on the example just 


presented, and the result’s of “two "other ‘test grids, the 
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Table 4.1. Magnetic anomalies investigated at 
Cannington Manor Historic Park. 
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research program indicated the following: 


1) Archaeological features and objects remained intact 
beneath the plough zone despite a prolonged period of 
cultivation, and thus were amenable to archaeological 


interpretation 


2) Areas in the vicinity of all structures investigated 
contained archaeological features suggestive of intensive 


human activity related to day-to-day living. 


3) Based on the frequencies of features discovered on all 
grids surveyed, most of the structures in the park probably 


harbour features of archaeological interest. 


These conclusions could not have been stated as confidently 
if the exact location of many of the features detected 
magnetically had not been made available for direct 
examination through excavation. To achieve as confident a 
statement using traditional strip trenching and test 
excavation would have required a much greater investment in 
time and labour to uncover as many archaeological remains. 
Beyond the research objectives, the survey suggested 
several additional points for comment. Many of the 
archaeological features were detected because they 


contained metal. Although the presence of metal is often 
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detrimental to most magnetic surveys, on some sites iron 
alloy artifacts may be in association with archaeological 
features and serve as a means of locating them. [Iron 
artifacts produce very distinct anomaly configurations. 
This, 41. eanaeron objectals buried tuxan, artificial pit, 
such as a privy hole or cellar, the anomaly it generates 
can be used to determine closely the minimum depth of the 
feature it is contained within much more accurately than 
the anomaly generated by the feature itself. The example 
also reinforces the idea that magnetic surveying is more 
revealing, when Lt eis carried ,outstactically iby ive riftyineg 
anomalies by resurveys and other tests. 

The magnetic data from the teacherage grid at 
Cannington Manor would have been of very limited 
interpretive use without subsequent excavation because the 
Survey accuracy was relatively poor and the methods of 
interpretation were very simple. If even plus or minus 
three gammas accuracy had been achieved in gathering data, 
and upper and lower data been secured for preparation of 
gradient maps it is probable that other important features 
may have been distinguished and properties about the larger 
features more clearly determined without excavation. Also, 
if statistical manipulations accompanied by machine 
plotting had been undertaken, more accurate source 
positioning may have been effected. As the complexity of 


the archaeological resources increases, accuracy combined 
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with sophisticated analysis becomes increasingly critical 
to assume meaningful interpretion of the archaeological 


content of a site. 


2. Souris Mouth (DkLv-4, DkLv-9) 


A. Problem - DkLv-4 and DkLv-9 are the remains of fur 
trade forts located in Southwestern Manitoba, on the 
Assiniboine River. Much of DkLv-4 is under cultivation, 
although an unknown portion appears to be undisturbed near 
the river bank; which Lies adjacent to the agricultural 
land. Because the Manitoba provincial government was 
sponsoring a research program to assess the archaeological 
potential of Nistoric renains, in Chis area, tneliudine *thoge 
which rested on privately owned farm land, a 
non-destructive assessment program was required that would 
provide some idea of the cultural resource potential. 
Accordingly, the magnetic survey which was implemented on 
the DkLv-4 reflected the following research requirements 
and goals: 

1) document the archaeological resources that might 
remain intact beneath cultivation, 

2) determine the amount of archaeological resources 
lying outside of the cultivated area, 

3) discern a pattern of archaeological features 


Suggestive of structures and their associated out-features, 
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and 

4) recover as much data about the archaeological 
resources as possible without implementing exploratory 
excavation. 

Item number four was especially critical in the case 
of DkLv-4, because the owner of the land did not wish 
excavation to take place during the survey, since the field 
was freshly planted. Because DkLv-9 was believed to be 
undisturbed by cultivation, only research goals three and 


four applied to the survey work implemented on this site. 


B. Methodology - On DkLv-4, a number of 10 x 15 m 
grids were established over the site in areas along the 
river bank and in the cultivated field. Magnetic 
measurements were obtained at sensor heights of 60 and 30 
cm per station, and base checks were taken every two 
minutes, or more frequently as required by the ambient 
field fluctuations. Survey accuracy was determined to be 
plus or minus two gammas. A similar methodology was 
applied on DkLv-9. 

Survey work on these two sites represented the first 
test of interpreting magnetic data in a field situation 
using a microcomputer. At first data were collected during 
the day and entered into the machine at night in the field 
camp. Maps were then produced and printed out. 


Unfortunately, the data entry process took longer than 
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anticipated ‘aud *tie’ "daily “rate of data collection far 
surpassed the crew’s ability to enter and process magnetic 
information at night. A serious lag developed between data 
accumulation and data interpretation. As well, the survey 
program concentrated too much upon collecting data and not 
enough on verification of anomalies. This resulted in too 
many data being accumulated for the microcomputer to 
process in the short field time allotted for the site 
(about three days), and therefore magnetic verification of 
anomalies was not carried out. Instead, the magnetometer 
was used simply to collect more primary data from nearby 
archaeological sites. However, on DkLv-4 a brief period of 
field verification using a probe and metal detector was 
implemented with very important results. 

It was unfortunate that excavation of presumed 
features detected by the magnetometer was not allowed. 
However, probings of anomaly areas was permitted on DkLv-4. 
These consisted of soil cores obtained in 10 cm depth 
increments until all evidence of cultural features 
disappeared in soil columns or the length of the soil 
coring tool (90 cm) was reached. The metal detector 
sensltrivrty was Vinmtted “ro rowers 20% depth , ‘a tthowen 
bargeripteces ot metal could *be “detected to @bowt 3 0° ’em-. 

In at least one case metal was struck by the soil probe at 
a depth that was not detectable by the metal detector, 


although the iron-based material had been sensed quite 
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clearly by the magnetometer. 


C. Results 


Figure 4.2 shows the results of sampling a particular 
block27 x 30 m in extent’ with” a*= magnetometer, soil sampler 
and metal detector. Prior to survey and field 
verification, the only archaeological features visible were 
a shallow mound of earth, overgrown with vegetation, which 
appeared to be the remains of a cellar, and an elongate 
alluvial soil accumulation at the edge of the cultivated 
fiedd, which did not appeanm to besa structural feature. 

The magnetic survey revealed a number of anomalies which 
were analyzed in the field and marked for probing and 
secondary survey with a metal detector. The results of the 
tests are shown in table 4.2 and 4.3. 

The available data outline areas which could be 
critically examined when excavation is actually planned. 
These particular areas are defined in figure 4.2, and, on 
the basis of soil samples, contain remains of structural 
origin, or features associated with structures and living 
areas. Other anomalies, when tested with the metal 
detector, appear to be caused by metal and are of secondary 


importance, probably not requiring excavation. Probed 
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Figure 4.2. Magnetic interpretation of test grid at Souris Mouth 
Site DkLv-4. 
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Table 4.2 Summary of findings from metal detector 
sweep over selected anomalies on DkLv-4 
test grid. 
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anomalies which are ambiguous require magnetic 
re-assessment before excavation. 

The three and possibly four areas suggesting the 
presence of archaeological features probably represent less 
than 25% of the area of the entire grid. This much more 
localized research focus enables exploratory excavation to 
be carried out intensively in areas believed to be 
productive. Other sampling strategies can be used in 
magnetically unproductive areas. 

Elsewhere on DkLv-4, a number of anomalies were 
discerned which represent remains of structures or other 
cultural features. One anomaly of particular interest was 
found on another part of DkLv-4, appearing as a very 
powerful monopole (figure 4.3). A curious aspect of this 
anomaly is its configuration in combination with its 
extreme intensity, particularly in the lower sensor 
poition. Although the anomaly was only coarsely sampled by 
the magnetometer, the profile for the upper and lower data 
sets passing through its centre do not conform to those of 
the monopole model displayed in chapter 2 (figure 2.3b). 
The profiles show that there is considerable increase in 
intensity athypositians 521 and 522 m south,’ but that 
otherwise there is little change in intensity between the 
two values. The suggestion is that this anomaly is 
somewhat similar to that generated by the pottery scatter 


at Child’s Lake, only with far greater intensity. 
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After repeated readings surrounding the anomalous 
field ensured that the anomaly was represented only by a 
monopolar "high", a series of soil samples were obtained 
from the centre of the anomaly using a two cm diameter soil 
coring probe. The cores revealed a 10 to 20 cm layer of 
humus from the cultivation zone. Below that point, samples 
of soil mixed with brick particles and sand were pulled up. 
A solid obstruction was encountered at 60 cm below ground 
surface, possibly consisting of brick or rock material 
mixed in with a matrix of charcoal and mortar. The source 
for this anomaly, though not fully examined, appears to 
have been a collection of bricks or possibly a brick 


structure. 


fi." Dkiv=9 


Due to lack of time, magnetic anomalies discerned on 
DkLv-9 were not re-surveyed or probed. However, because 
the site was undisturbed, buried archaeological features 
could be visually located by searching for anomalous 
vegetation growths and correlating their locations with 
anomalies found during magnetic survey. A number of 
depressions were encountered during the time that magnetic 
data were being collected. One of these, several metres in 
diameter and nearly a metre deep, produced a significant 


magnetic anomaly in both the upper and lower sensor data 
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sets. However, gradient data did not significantly record 
the anomaly (figure 4.4). This is because gradient 
readings are not sensitive to sources which produce 
magnetic fields substantially broader than the distance 
between the upper and lower sensor positions. Gradient 
readings were found to be very useful on DkLv-9 in 
differentiating buried features such as pits and cellars 
from others such as partially buried fireplaces and garbage 
middens filled with iron. Generally, the latter types of 
features generated magnetic fields which were somewhat more 
intense in the lower sensor position than in the upper 
position. The gradient of these readings was thus quite 


distinc tive: 


D. Conclusion - The success of the magnetic program at 
DkLv-4 can best be determined by using the resulting data 
to answer the questions addressed at the beginning of this 
section: 

a) Archaeological resources in the cultivated area - 
Limited probing within the exploratory grid did not reveal 
much evidence of archaeological remains in the cultivated 
field, which lends support to the results of the magnetic 
survey in that area. With the exception of one prominent 
anomaly, which appears to have been caused by a pit of some 
Kind, nofrother verifiable archaeologtically related 


anomalies could be detected in the cultivated area. Ties 
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suggests that cultivation has seriously obliterated all 
magnetically detectable archaeological remains that were 
once present in the field. 

b) Archaeological resources beyond the cultivated area 
- Magnetic data, strongly supported by probe tests, suggest 
that many archaeological features exist outside the 
cultivated field. Such features appear to consist of pits, 
cellars and foundation remains, all buried beneath 15, to: 30 
em of humic soil. For this grid, archaeological resources 
are especially concentrated in its southeast corner and 
appear to be related to a buried building foundation. 

c) Archaeological patterns suggestive of structures- 
Although the cultivated field lacks any archaeological 
features, the uncultivated portion contains cultural 
remains. In the southeastern portion of the grid, 
structural remnants, consisting of a buried cellar plus a 
broad, buried depression, are vaguely outlined, and soil 
samples yielded mortar, wood and ash fragments (see figure 
Ao AA TEAS) 2) Ae S@COndG sa rea tComthe: north about 5 to: s,m 
(figure 4.3, -area Il) appears to be a pit, containing a 
COLlect Ton oO. es pintted 1 TOn Obiects in an uncertadn 
association. At the extreme north end of the grid a 
magnetic anomaly suggests the presence of another pit, 
althoush. this could not be syvervitied by orobing. The pit 
iging lO rm otosthe west in thevcultivated tield may.also be 


related to the structure complex. A few strategically 
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placed test excavations should be able to document the 
relationship of the mortar scatter to the depressions in 
the southeast corner of the grid, and their relationships 
to the clustered features lying to the north. 

Several areas of this particular grid should have been 
more intensively investigated by magnetometer so that the 
distribution and nature of features could have been more 
accurately determined. However, selective soil sampling 
did significantly improve the original assessment of the 
grid provided by magnetics. As well, the metal detector 
tests, by eliminating anomalies caused by surface metal, 
enabled the magnetic grid to be interpreted with greater 
confidence so that perceptible magnetic patterns could be 
discerned. These supportive testing procedures required 
little effort to implement, once major features were 
delineated, yet they were necessary to substantiate the 
sometimes inconclusive results provided by the magnetic 
data alone. ‘In fact, in almost all cases involving 
assessment of historic sites, it is probable that secondary 
exploratory methods which supplement primary magnetic data 
will “signit reantly “imp rove ‘the *interpretattorm ‘of tlre ‘dite’, 
especially if selective intensive magnetic re-surveys are 
also implemented. 

On DkLv-9, despite the inability to make actual 
sub-surface tests, secondary surface indications of 


archaeological features agreed well with the mapped 
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magnetic data. In some cases, using magnetic data from 
obvious features as models, fully concealed archaeological 
remains were magnetically delineated and subsequently 


Tocated (S. Hamilton, personal communication, 1982). 


3. Mercy Bay, Banks Island (Investigator Beach) 


A. Problem - Investigator Beach is a site containing 
the remnants of a cache of goods left by the crew of the 
H.Meoss Investigator. The Investigator, a ship taking part 
in a Royal Navy search in 1853 for the missing Franklin 
Expedition, was beset in the ice of Mercy Bay on Banks 
Taland, NsaWel.. Prior £0 abandonment, the ship s supplies, 
mostly in kegs, were cached on a beach on the west side of 
the bay. After the Investigator’s crew was rescued, the 
remaining supplies were periodically visited by various 
groups of Copper Inuit for the ensuing 30 years. These 
people, living far to the south on the mainland, undertook 
the long journey to Mercy Bay specifically to obtain large 
pieces of wood and iron from the kegs and a few crates, 
commodities which were otherwise totally unavailable in 
tiat nigh, latitude (Hickey "1981. 

Though archaeological preservation in the Canadian 
Ateti«o: lisa Veryacood, -tChe Only wextante remains: of. the cache 
consist’ of clustere of splintered ‘barrel staves and a badly 


weathered coal pile. The barrel staves presumably mark the 
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areas where the Inuit broke up casks for their contents and 
desirable wood and iron. 

A previous survey of the cache site in 1980 had 
discovered no vwten of habitation by -Lnuit in thera rea, 
despite the clear evidence of their presence at the cache. 
Intensive monitoring of the ground surface, however, 
revealed broken bits of metal and glass in certain areas, 
which suggested intensive human activity. Unfortunately, 
metal fragmentation was extensive and light vegetation and 
soil cover visually obscured all but the largest metal 
pieces. Thus, it was impossible to discern metal working 
areas with enough confidence to actually map them. What 
was required was a means of locating areas where metal 
working took place on the site, and determining the 
relative amounts of metal working that occurred at each 
activity area. 

SinceeMe rcy. Bay Ws in a very, remote part) of the 
arctic, exploratory excavation could not feasibly be 
implemented to locate these areas. Instead, a testing 
program involving a magnetic survey of parts of the site 
was initiated, to determine if metal working areas could be 
delineated and relative degrees of metal working intensity 


identified using magnetic interpretation techniques. 


B. Methodology - The survey program was limited by the 


availability of transportation from the main archaeological 
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base camp located about 100 km south. In the course of a 
rapid shoreline survey of northern Banks Island, a 
Magnetometer crew of two were set down by helicopter at 
Investigator Beach. The helicopter was to return for the 
crew in 24 hours. In this space of time as much magnetic 
data as possible were to be collected. Since survey time 
was limited, no interpretation of the data was to take 
place, although some major surface features of the surveyed 
area were to be mapped. 

Although several separate barrel stave scatters were 
noted on the site, only one was investigated in the day 
lone period. A 30 x.40'm grid was laid over that 
particular scatter and divided into 10 x 15 m sub-e rides. A 
magnetic survey was then undertaken with readings being 
acquired at metre intervals at sensor heights of 60 cm and 
30 cme Diurnal magnetic variation was monitored using base 
checks every 90-120 seconds. 

Much of the survey was hampered by extremely large 
diurnal magnetic fluctuations, some as great as 30 gammas 
change per minute (see figure 2.1). invordinary 
circumstances, the survey would have been abandoned, even 
though repeated base monitoring disclosed that the 
VaTLALLTON OCCUTred at aliairLy constant rate that could “be 
compensated for if single sensor survey accuracy of plus or 
minus four or five gammas was acceptable. Because iron 


distributions, which ordinarily generate strong magnetic 
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fields, were to be assessed, this survey accuracy was 
deemed acceptable. Gradient data largely filtered out the 
diurnal fluctuations, however, and in any case, very strict 
time constraints dictated that the survey continue; "1f at 
all possible, in spite of magnetic storms. 

Awtotal ofjsix 10 x 15\migrids were eventually 
completed. Probably the entire 30 x 40 m area could have 
been assayed had an untimely sensor cable breakage not 
delayed the survey. The data from those six grids were 
then entered and assessed using the Magnetic Data 
Processing Package software on the base camp’s field 


computer. 


C. Results - Although fairly detailed observations 
were made of the metal content of the survey area, only a 
few firm correlations can be made between observed 
anomalies and actual observed metal scatters. An overall 
assessment of the 30 x 40 m grid appears in figure 4.5 and 


table 4.4. 


D. Conclusion - At the outset, based on these 
preliminary data, definite anomaly clusters are apparent in 
certain parts of the survey area. In particular, these 
clusters are prevalent in grid #5, well away from the area 
where maximum barrel stave splintering took place. Based 


either upon direct observation or inference through anomaly 
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Investigator Beach site, on the west shore of Mercy Bay, 
Banks Island, N.W.T. showing gradient (ZZ) magnetic 


Intensity. 


hatchured contours start at -5. 


research localities. 


Contour interval=5, 0 contour suppressed, 
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B Dipolar Single Object 
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D Diffuse Dipolar Metal Cluster 
E Monopolar Metal Scatter 
F Monopolar Metal Scatter 
G Diffuse Monopolar Metal Scatter 
H Monopolar Metal Scatter 
I Dipolar Single Object 
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Table 4.4 Summary of magnetic anomalies and their 
possible sources at Investigator Beach. 
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analysis, most anomaly sources appear to be caused by 
clusters of iron which generate a number of interacting 
dipoles, which can be separately delineated by comparing 
lower and gradient sensor data. Thus, weak monopolar 
anomalies are inferred to have been generated by many tiny 
pieces of metal. These metal bits create dipolar anomaly 
configurations that resemble a net positive or negative 
field distortion at a one metre interval of assessment. 
This appears to be the case in anomalies F and G and 
perhaps part of anomaly D. These anomalies may represent 
areas of intense metal breaking, especially of "tin" 
containers. Whether this metal breaking has been caused by 
human action or some other set of forces can not be 
determined from data at hand. Direct observation is 
required. 

Because magnetic data were secured at a relatively 
coarse interval, direct interpretation of many anomalies is 
dP Eiiic wilt. If continued research is to be carried out at 
Mercy Bay, on-site processing and plotting of data should 
be instituted so that areas bearing magnetic anomalies can 
be magnetically re-investigated at closer grid intervals. 
In this way smaller pieces of metal suggestive of metal 
working can be better discriminated for within areas which 


contain large pieces of metal. 
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Lili. Conclusion. 


Archaeological research on historic sites in North 
America currently places heavy emphasis on excavation of 
HOLreanly Major seTUCEUres Ona site, “pbuc also herr 
associated outfeatures. These outfeatures (pits, trenches, 
shed remains, refuse middens) provide a basis for 
determining subtle social patterns which were manifested by 
the people residing in the main structure and carrying out 
day to day activities. Thus, an archaeologist who intends 
to pursue excavation of a site with an anthropological 
perspective must investigate lesser archaeological features 
with as much concern as the main structural remnants. 

Employing conventional testing techniques to search 
for buried historic features is always a time consuming and 
frequently unproductive endeavor. The magnetic technique, 
however, by virtue of its fast and relatively effortless 
means of acquiring field data, and the automated way in 
which these data can be usefully displayed for 
interpretation, is far more amenable to current 
archaeological exploratory needs than systematic probing, 
trenching or test pitting. Using magnetic data as a basis 
for selectively exploring areas suggestive of cultural 
features permits more time to be spent conducting extensive 
investigations and less time simply trying to find then. 

In addition, though sometimes producing ambiguous results, 


magnetometry does detect many archaeological features 
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ieee by sampling methods of other types which require 
great effort and can therefore only be applied sparingly. 
Finally, the magnetic method is non-destructive. On some 
sites, particularly those which are specially landscaped 
LOt pup Lac wnterp recatil on oT are prone to visitation, by 
unscrupulous artifact collectors, exploratory excavations 
may be undesirable. The magnetic technique enables 
excavation to be minimized, or to be replaced by less 
destructive intensive sampling techniques such as probing. 

Magnetic data retrieved from a survey of an area can 
often provide specific information about an object or 
feature other than its general location within that area. 
At Mercy Bay the magnetometer was particularly useful in 
defining areas which harboured broken up metal. At this 
site, a systematic survey using a metal detector would have 
detected metal; unfortunately metal detectors do not 
provide a reliable means of quantifying the amount of metal 
they are detecting. This was a limitation, which would 
have rendered the quick visit to the site less useful. 

The field interpretation experiment using the 
microcomputer demonstrated the utility of such a system 
when a tactical magnetic survey is implemented. 
Unfortunately, it was difficult for data processing and 
interpretation to keep pace with the rapid acquisition of 
data. This particular problem, which is endemic to surveys 


on both Nistorie and prehistoric sites, will be dealt.with 
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CHAPTER V. 


THE PRACTICAL VALUE OF MAGNETOMETRY 


AS AN ARCHAEOLOGICAL TECHNIQUE 


Many archaeologists are attracted to magnetometry 
because: fr offers an opportunity "to map" “the invisi?ble 
sub-surface of an archaeological site. Archaeologists 
involved with magnetics concluded years ago that this was 
not a feasible expectation. The methodological approach of 
remote sensing may be useful in providing a general 
assessment of the presence of cultural remains on a site 
but implementation of a single remote sensing technique 
Wilitrarely furnish a ‘detailed cultural inventory. In 
fact, results of this thesis research have shown that an 
archaeological problem involving magnetometry can most 
successfully be investigated using the combined 
methodological approaches of remote sensing and 
archaeology. 

The examples in chapters three and four demonstrated a 
wide range of problems to which magnetometry can be 
applied. Most of the applications concerned simple 
prospection. Locating archaeological features helped 
produce objective research designs for the excavation of 
Sites. “The Key "approach “tnvolved "the wse of *hocational 
data to augment more conventional methods of archaeological 


examination, in many cases making them more efficient. 
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Magnetometry can potentially be used to identify some 
archaeological features without excavation, but in many 
cases magnetic data are so ambiguous that they cannot be 
conclusively equated to anomaly signatures of any specific 
feature type. 

What chapters three and four did not do was 
demonstrate the practical problems which must be overcome 
when a remote sensing technique such as magnetometry is 
applied to an archaeological site. The pragmatic aspects 
of magnetometry such as the cost of a survey, the number of 
people it requires and how quickly it can be done must be 
known so that its advantages can be compared with more 


traditional archaeological search techniques. 


A. Implementing Magnetic Survey 


An archaeologist willing to use a magnetometer to 
augment a research strategy must know how easily the 
technique can be implemented. Gathering field data is a 
relatively simple operation which any individual with field 
experience can easily master in only a few hours. The 
critical problem is data assimilation. As mee ous Ty 
explained, a large amount of data are recovered during any 
magnetic survey. These data must be mapped or profiled to 
be interpreted and the more data that are collected the 


more unmanageable the task becomes, especially ina field 
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situation. 

To overcome this data management problem I first 
turned to a university computer to manipulate and plot 
magnetic data. This move greatly improved the speed with 
which data could be interpreted, although the automated 
procedure was expensive and seriously degraded the 
continuity of field work because of the dependency which 
was acquired for a remotely located computer facility. 
These limitations also significantly hampered the 
integration of magnetic surveying with other means of site 
assessment. 

The mainframe computer posed another problem which 
limited its usefulness as a means of processing magnetic 
data. When such facilities could be accessed, their 
complexity of operation required that a considerable 
expertise in computer operation be acquired before magnetic 
data could be efficiently processed. The system was 
especially intimidating to a person unfamiliar with its 
operation. Thus, a novice could never be expected to use 
the data processing system to analyze magnetic data, even 
if the person could sufficently master the techniques of 
acquiring them. Because of these inadaquacies, the 
mainframe-based data processing system was abandonned in 
favour of a simpler microcomputer system which was 
converted for operation in the field, complementing the 


tactical strategy for magnetic surveying which was quickly 
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being adopted. 

The field processing system, because it is fast, easy 
to operate (even for a novice) and always accessible, makes 
it much easier for an archaeologist to gather magnetic data 
and have them available in interpretable form. The system 
also lessens the technical expertise required by an 
archaeologist to successfully implement a large survey 
without professional help by computer programmers and 
operators. 

If magnetic data can be successfully gathered, 
processed and presented, the only technical aspect most 
archaeologists will be unsure of is their interpretation. 
The mathematical knowlege required in interpreting an 
anomaly to determine vertical and horizontal location, 
shape and composition can be quite intimidating. However, 
as previously stated, archaeological magnetic anomalies are 
very rarely amenable to rigourous analytical treatment. 
Beyond a rudimentary understanding of how and why magnetic 
anomalies are produced on archaeological sites, more 
comprehensive knowledge is rarely required to interpret 
most sites, since the culturally derived sources are so 
ambiguous in composition that beyond determining their 
Location sliiitt Lewe Ms cecanwheusit alteds cOsmice Location: of 
features is known, archaeological testing methods can be 
brought to bear which can very effectively examine then, 


without resort to complex magnetic theory. 


vans ,teat ela) sevsved 4 mesa" 
al Ai 

sense ,sidtbaessos syevle bre teamien 7 
Hiab olrasgam tentasg. 22 sn2gcteuneell . 
sn of7 °° .mve? eldsetsxqzeen) gh aidetiae 
ne yd betiuges Saiitaqes fastanas?s 
7 


va tgiel s gagmeltiqai yilivieessoau&, oF o ; 


~ 2 
er ctq teteqeo: qd qtet Jasotenmhonm 
- - 


; Ll» res 


pborsdsep ¢iLetacenans ad aoa S30b oP Rangee oe a3 


= 


; »oOT ‘ere ; ‘7 BJs nv2e. ’ ii \ a uJ e b@ Pune 297.9 bas bee ait 
not yn1Ss¢q3..e3Ar os tet } t mau sé tite In lgoken 
' 5 fi ok tevdwe j nod ldiortst tend sane 
i4 :i+0d » lasivreeavy sotoressb. oF Y. 
na pa sting ed acd halt teéegnon- Bee 

: ' 
fi esteolneedst< ,hotade Vie teeae 
13 5L3Viease, Beoteogi®T o2 sliiacsaa «ies a2 wis! 
ria ws v : wom 1 go>ibcnaieaebon vi cicdeibu) Bs 
a yo 
slow ,sesia Lleolgotesadoae ao bsaubosq Ste 6h. emeee 
sia - ‘ os af rs p “ay e Ves e} ag hbelvons ovieastas gaog 
a" twee bovlieh Clieteeios of: soetse see 
sient’ golelberetath booced gedad solitaoqges. 2s gucus 
nelisoeci 20n0 wbesate od nds @5ts s13311_gertsee 
(a> #he@tem poisass Lecigelossiwves «ovens 2.8008 


at 4 estseres elaviaselte wre e6n dotdw saad) 62 2 


. yt esd? oalreegeam xefqens of 130097 2H 


This is not to say that interpretaton is always a 
simple affair. Often features occur in great profusion on 
a site, generating magnetic fields which interfere with one 
another, producing anomalies which must be closely examined 
to determine the number of sources and their actual 
location. This may require some expertise on the part of 
individuals experienced in interpreting magnetic anomalies 
in archaeological contexts. The more complex a site is, 
the more difficult it will be to interpret and the more 
experience an individual will require to analyze the data 


efficiently. 


B. Time and Cost of Implementation 


A nagging concern of many archaeologists is the time 
that it takes for magnetic data to be acquired, interpreted 
and applied to site investigation, and the cost such work 
will entail. This is a legitimate concern which was 
carefully addressed during the many surveys which were 
eairnri ed iourtachor thits\ithesis certistthougisthe ratercod tdait.a 
acquisition varied substantially with terrain, vegetation 
cover and the magnetic environment, an average of two 20 m 
square grids could be covered daily using a single 
magnetometer to collect two magnetic readings per metre 
interval. This represents about 1800 readings acquired in 


roughly five hours, using an experienced crew of two. By 
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So 


spending the rest of the day using a microcomputer to 
analyze and plot data, analysis could keep pace with data 
acquisition. Without the computer, an exra individual was 
required to hand plot the data to keep the process current 
with the survey. This represents a survey conducted using 
a minimal investment in equipment and labour and is 
probably the most efficient scheme of survey that can be 
implemented. 

Organizations which conduct commercial magnetic 
investigations can survey more area per day (data 
processing is done remotely) but at a much higher cost. 
The actual cost of the two man survey team per day is the 
labour expense and equipment rental. High quality proton 
magnetometers can be rented on a monthly basis at about 10% 
eofgtheir costjenthe instrumentiatised rher mosteof ethe ifiield 
work in this thesis was valued at $4000.00 and was rented 
at between $350 and $500 per month. The minimal 
microcomputer system capable of operating the Magnetic Data 
Processing Package in the field is worth about $3500, or 
$350 per month. Equipment rental probably represents a 
small fraction of the cost of such a survey in comparison 
to salaries. Using two individuals at an average of 800 
Square m per day surveyed, in five days a large site (4000 
square m) can be magnetically examined and the data 
processed and ready for interpretation. Assuming that 


significant anomalies were identified, resurveyed and 
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tested using probes and test excavations, the rest of the 
month could be spent in actual excavation of specific 
features or areas designated on the basis of feature 
locations. For an investment of approximately $800.00 for 
equipment rental, plus the initial five days labour for two 
people, many archaeological sites can be assessed fairly 
thoroughly and probably more effectively than by any other 
site analysis technique. The assessment information can 
then be used to design a full scale site investigation 
using a larger crew. This summarizes many of the results 
that were achieved using magnetic surveying on a number of 
archaeological sites, both historic and prehistoric, during 
thevcourse- of the £ield “work for vthis thesis. 

If a very large site, or number of sites require 
Magnetic assessment, the optimal survey scheme outlined 
above may require modification. It may be advisable to 
employ several magnetometers, including a stationary 
magnetometer to monitor diurnal variation. Although this 
does increase speed of data collection, the amount of 
labour employed will be substantially increased, as well as 
the quantity of data to be plotted and interpreted. 

The most recently developed magnetometers are able to 
obtain upper and lower measurements three times faster than 
conventional single sensor magnetometers. Some of these 
instruments also store the dual sensor data internally with 


their associated station coordinates, eliminating the need 
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for a second individual to record data. Data stored within 
such machines can be directly transferred electronically to 
a microcomputer for immediate field processing (Scint rex 
1982, personal communication). With this type of 
instrumentation available it is concievable that a very 
large amount of magnetic data can be collected, processed 
and interpreted ina single day. Magnetometers with these 
capabilities, linked with a computer-based data handling 
system could potentially assess many hundreds of thousands 
of square metres of ground in a month, making it a very 
attractive system for large archaeological projects, or 
institutions which are responsible for provincial or state 
cultural resource management programs. These types of 
magnetometers are a very recent innovation and have not 
been applied to archaeological site analysis. Thus, they 
require extensive field testing prior to being seriously 


considered as alternatives to more conventional equipment. 


C. Magnetic Surveying and Archaeological Methods 


Although improved instrumentation can potentially 
simplify the magnetometry technique to a point where most 
archaeologists will feel confident in employing it in their 
research, its ultimate value to the profession is dependent 
upon how intelligently it is applied to specific 


archaeological problems. It is at the point where 
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technological presentaion must be shifted to methodological 
interpretation that magnetic surveying so often fails to 
benefit archaeological research. This thesis has focussed 
on attaining the shift from emphasis on geophysical 
technique to archaeological method. During the course of 
any magnetic survey on a site, archaeologists must make 
this shite, exeneitvtheyeartetnor directiyCiresponsible for 
acquiring and interpreting the data. dG 0 un ars Weng, eg 
archaeologists who employ magnetic surveying techniques 
must remain cognizant of all parts of the data gathering 
and interpretation process if they are to ensure that their 
specific research problems are properly being addressed. 
Only an individual trained as an archaeologist can 
successfully carry the results of archaeological magnetic 
surveys to the point where the data can be used to say 
something about the people who originally occupied a site. 
This expertise alone will determine if a magnetic survey is 
feasible, howeitaewill? besecarried out, and to what purpose 
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APPENDIX A 


MAGNETIC DATA PROCESSING PACKAGE (MDPP) 


The following tables present a summary of the purposes 
and capabilities of the programs written to aid in the 
interpretation of magnetic data from archaeological sites. 
All programs are designed as stand-alone procedures in that 
they are executed singly as they are required by the user. 
No program must be executed to call another. However, most 
require that data be input from a specially formatted disc 
file created by the DATA* program. The hardware 


requirements to run them are as follows: 


48K Apple II+ computer with Applesoft in ROM 
Dise Gle-withepes. 3.3 


Silentype thermal printer 


lisanother typetor printer is ased, the: PLOI* ‘program wii 
probably not: be able to provide a hard copy of plots that 
are drawn; they will have to be saved on disc and then 
manually transferred to hard copy. The STATS* program may 
also produce unpredictable results. 

Currently, all programs in this package can accomodate 


data’ ft roma muni! cdquares orid-atvintervals of luni. 
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Thus, 441 stations can be accomodated by each program at 
two sensor positions. This means that that a maximum of 
882 magnetic measurements can be computed at one time. 
Intervals greater or less than one unit may be specified, 
but this does not change the maximum number of stations 
that can be computed. In the examples below, all execution 
times are based on data from a 20 X 20 unit grid gathered 
atea Peunit interval, and the entire erid, rather than 
portions of it, was assessed. 

Most programs that were written by the author have 
been compiled into machine code using a commercially 
available compiler software package called EXPEDITER II 
(Einstein and Goodrow 1981), marketed by On-Line Systems, 
Coarsegold, Ca. The primary purpose of the compilation is 


to speed up execution time. 
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DATA* 

Applesoft BASIC 

Create and edit data files for other 
MDPP programs 

Keyboard, disc 

sc reem, printer, diisic 

Loading data = 20 seconds; 


Keyboard entry = 30 minutes 
T.H. Gibson 


STATS* 

Compiled Applesoft BASIC 

Statistical summary of partial or whole 
dattias tii Be 

Disc 

Vereen, printer, disc 

Loading data = 20 seconds; 


Calculating and printing = 200 seconds 
T.H. Gibson 


PLOT* 

Compiled Applesoft BASIC 

Pos taivalwes! and /onccomtou.s, allt ols “pa rt 
of a data file 

Disc 

Sicireien, p printe r,ied sic 

Loading = 20 seconds; 


Plotting = 285 seconds (G2) contours ) 
T.H. Gibson 
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HOTTUOEXE 
~ROTAIATORS 


PROGRAM - FILT* 
LANGUAGE - Compiled Applesoft BASIC 
PURPOSE = SeLeCCIVely (1ilvetrat. Of Dart Of 
a data file 
INPUT = Disc 
OUT? UE om Screen, printer, disc 
EXECUTION - Loading = 20 seconds; 
Filtering = 10 seconds 
PROPRIETOR- T.H. Gibson 
Recommended Ancillary Software 
= APPLE PLOT 


PROGRAM 


LANGUAGE 


oe Applesoft BASIC 
PURPOSE - Create histograms and profiles of 
magnetic profile data 
INPUT - Keyboard, disc 
OUTPU. = se reen, printer, disc 
EXECUTION - Depends on profile length (maximum 


100 points = 20-40 seconds) 
PROPRIETOR- Apple Computer Inc., Cupertino, 
California 


Copies of the software in which the author is 
proprietor can be obtained "on Wisc CAPPLE DOS 3.3) from 
Norman Zierhuit Library, Department of Anthropology, 
University of Alberta. With the exception of the DATA* 
program, only compiled code is available. For program 


documentation and access to source code, contact the 
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the 


author, care of the Department of Anthropology, University 


of Alberta, Edmonton, Alberta. 
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APPEND TAS Bs 


SUMMARY OF SITES PROVIDING DATA FOR THIS THESIS 


Map Locality Type Prov. /State Reference 
A Cannington hist S. Eastern Gibson 1978 
Manor Saskatchewan 
B Strathcona preh Central Gibpion. 19:79. 
Alberta Pallocwe 1050 
c Fort hist E.' Gent ral Losey 1979 
George Alberta 
D Caribou preh E. Central Schnurrenberger 
Island Alberta and Gibson 1980 
E Timlin preh N. Central Bryan eters 1930 
New York 
F Munsungun preh Northern Bonnichsen et 
Lake Maine ale L984 
G Fort hist S. Yukon Polloek 1980 
Selki rk Territory 
H Forty Hist C. Yukon Poprock) 1960 
Mile Territory 
ir Dickey- preh Northern Nicholas et al 
Lincoln Maine L98a 
4) Souris hist S. Western Hamilton 1982 
Mouth Manitoba 
K Delorme hist Southern McLeod 1981 
Manitoba 
iL Child’s preh W. Central Badertscher 
Lake Manitoba Loe 2 
M Mercy hist N. Banks Heteheyv beg 
Bay Island, NWT. 


me em me em nmmeee eeeeee e e ee e 


See the accompanying map (figure B.1) for the general 
location ofrepcirvisi te. 
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